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PART 1

GENERAL INFORMATION

1. INTRODUCTION

The Abort Simulation Program is a manned simulation study with the full
six degrees of freedom. The program is run in real time and simulates aborts
from the powered descent portion of the LEM trajectory. These aborts occur
at pre-selected points along the powered descent. Five points along a
descent trajectory have been chosen.

A moving base motion device driven by computer signals provides for three
axes rotational motion in response to pilot inputs. Three projectors provide
the pilot with a starfield, lunar scene, horizon and CSM position. An
instrument panel mounted in the cockpit has TV displays, a three axes attitude
ball and synchro driven meters. Displayed information will be evaluated to
determine the optimum information required for an abort mission. A control
console located in the computer room containg repeater instruments which
follow the cockpit displays.

There are two ASI-210 digital computers programmed in fixed point providing
a real time simulation to the vehicle equations of motion. There are 34
digital-to=-analog (D-A) converter channels in use. Time sharing of these
channels allows for 56 D~A conversions. Six analog-to-digital (A-D) conver-
sions are used. Mechanization of the control system, throttle outputs, drives
for displays, recorders, proJjectors, and moving base requires about 210 analog
operational amplifiers.

2. CONTROL SYSTEM

The attitude control system is a three axis system which performs an ana-
log integration of the digitally computed angular accelerationg,p, q and F.
The operating modes for rotational and translational control are manually
selected by the pilot. For manual control the pilot will select either the
Attitude Hold or Rate Command Mode. In the Attitude Hold Mode there is
attitude feedback (Sp, Sq, Sr) in all three axes when the input to the con-
trol system from the rotational controller 1is zero. The output from the
rotational controller passes through a deadband which limits the input to
zero for 10% of the maximum controller output. This is to compensate for
mechanical slop in the controller. Once the controller output passes through
this deadband the control system functions as it would in the Rate Command
Mode. For error signals greater than 0.8 degree, a four jet rotational c8uple
is produced. A two Jet couple is produced for error signals less than .8,

There are three pilot operated switches for emergency mode of operation.
They are selected separately for each axis. In the emergency mode, the modu-
lator produces a pulse train or a direct on-off signal., Direct on~off mode is
initiated when the rotational controller exceeds 75% of the controller throw.
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2. CONTROL SYSTEM (Cont'd)

There are two translational control modes, Pulse Train Modulation (PTM)
and Direct on-off. They are selected by a switch located on the instrument
panel. Four hundred pounds of thrust along the X axis may be selected by
throwing a switch located on the throttle controller. A complete description
of pilot operated switches appears in Part IT.

3. MODULATORS

Pulse modulators receive error signals from the Attitude Control System
and the jet select logic determines which pair of the 16 Reaction Control
System (RCS) Jjet engines should fire for rotational and/or translational
control. The modulators and jet select logic are physically housed in what
is referred to as & "ILogic Box". The output of the ILogic Box is interfaced
with the digital computer. The Pulse Ratio Modulator produces a signal
whose width and repetition frequency are dependent upon the normalized input
error signal. There are three such modulators, one for each control channel,
wvhich provide rotation torque commands to the Jjet select logic. Pulse train
modulators generate a signal which is fixed in amplitude, width and frequency.
The equations representing the jet-select logic are in the Appendix.

4, ABORT PROCEDURE

The pilot will assume manual control when the abort light in the cockpit
goes on. The light will go on at pre-determined points along the descent
trajectory. Prior to thils, the vehicle is in an "Automatic Mode." In order
to initiate manual control the pilot must move the Attitude Mode Select switch
out of "Auto" into either an "Attitude Hold" or"Rate Command Mode,"both of
which are manual. Updn ual take-over, the pilot will immediately start
erecting the LFM at a 10 /sec rate. The appropriate attitude display must
then be selected by pushing the Ascent Display Selector switch. Depending on
which engine configuration is being used, the pilot may stage the descent
engine and fire the ascent engine or continue to utilize the descent engine.
An inertial or line-of-sight pitch program will then be followed. The pitch
program shall be determined prior to the start of the run. At the completion
of this pitch program, the LEM will nominally be in a circular parking orbit.
Insertion into a transfer orbit will be effected after remaining in the
parking orbit for a period of time. This dwell time will range from two to
twenty minutes depending on the phasing of the LEM and CSM.

The procegure to be followed in the inertial pitch program is to rotate
the LEM at 10 /sec until a zero pitch angle (erect attitude) is achieved. This
angle is measured with respect to the landing site local vertical. The angle
is held until a specified value of AV USED is displgyed at which time the
vehicle is rotated to a specified pitch angle at 10 /sec and held at that
angle until another specified value of AV USED is achieved. This proceses is
repeated until AV USED required for burnout is achieved. At the completion
of this maneuver, the vehicle should be in a circular parking orbit.
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L. ABORT PROCEDURE (Cont'd)

Nominally, no mid=course corrections are required since the LEM will be
on a collision course with the CoM. In practice, it will be necessary for
the pilot to make corrections as required due to manual errors induced. Exe
cept when mid~course corrections are being made, the vehicle shall be coasting.
A run will be terminated at a line~of-sight (I0S) range of 30 nautical miles
which is the initial condition for start of rendezvous.

In order to reduce the run time, a jump-time capability has been built into
the simulator. The pilot will call for a Jjump in time during the coasting
phase. The experimenter at the control console will determine the amount of
time to be jumped from calculated data. He will then initiate the jump in
time, After the final mid~course correction has been made, the run will be
terminated by a jump to the 30 nautical mile range point. This jump time
capability will result in an average saving of 4O minutes for a complete run.

An experimental test plan written by Crew Systems, appears in Part II.
This test plan describes in detail, the experimental procedures and run
schedule to be followed.

5. DIGITAL

Trajectory computations during the "Auto" descent phase will be an open
loop computation implemented digitally.by a process of continaully up-dating
initial conditions. The polynomial equations representing the descent guidance
law during "Auto" descent are enclosed in the Appendix. The six degree of
freedom equations are implemented digitally at an interation rate of 50 ms.
There are a total of 34 D=A and 6 A<D channels in use for this simulation. Time
sharing of the D=-A converters expands the number of conversions to 56. The
sampling and conversion rate depends on the program requirements with a minimum
rate of 300« sec available. Access time to the internal memory is 2 4 sec.
Addition and subtraction can be performed in 6/4sec. The intermal machine
memory is 4,096, 21 bit words. A total of about 10,000 words are required for
the simulation. This necessitated the use of an external tape for the "jump-
time" routine. This routine is used only during the coasting phase and re=
places the routine for the Auto Descent Trajectory which is read out of the
machine after abort is initiated.

The equations of motion were programmed with a view to make maximum usege
of standard sub-routines which have been developed and pre-tested in other
programs. The routinesare general and are written with speed and accuracy as
the prime considerations The simulation has been programmed in discrete
blocks which allows for ease in effecting a change in any of the equations.

An executive routine controls the up-dating and execution of the entire program,

The attitude engine thrusts are integrated digitally during the 50 ms
iteration period and summed into the trajectory computation at synchronous
points, Inertial attitude is solved digitally by integration of body axis
angular rate into the direction cosine set. An excessive amount of analog
equipment would be required for an anaslog implementation of attitude with a
loss in accuracy. Digital implementation of mass and fuel use equations pre=-
serves the correlation between fuel use and trajectory perturbation., The
anticipated accuracy of an unperturbed trajectory is expected to be -.OOOSft/se
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6. ANALOG

Analog implementation was required for driving of the analog instruments,
visual displays, strip chart recorders, x-y plotters and the moving base.
The equations used to drive the moving base and projectors are in the Appendix.
The attitude control system is an analog mechanization which receives pilot
inputs from the throttle and controller which are alsoc implemented on the
analog computers. '

T. DATA RECORDING

Annlog time histories, x=y plots and digital printouts will be made of the
parameters inflicated on the enclosed chart. The analog time histories will
provide a continuous recording of data. Any discontinuity which may occur be-
tween digital printouts would be apparent. Dynamic characteristics and
frequency response of the vehicle may be evaluated from the analog data.

Digital printout of data will occur every 10 seconds when a main engine is
thrusting, every S minutes when not, and at special events. These special
events are tabulated on the enclosed chart. If a printout 1s called for while
a printout is being made, the data will be stored in the computer memory and
printed out at the completion of the previous printout. The system has the
capability of back logging a total of four printouts. The line printer can
output 200 lines per minute.

8. SPECIAL EVENT PRINTOUT

. Energizing of the Abort Light

. Manual Take=-over

. Firing of the Descent or Ascent Engines

Shut Down of the Descent or Ascent Engines
Staging

Energizing the "Freeze Button"

Executing or stopping a Translational Command
Initiation of a "Jump-Time"
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9. DIGITAL AND ANAIOG PRINTOUTS
DIGITAL PRINTOUT ANALOG TTME HISTORIES
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10. PLOTTERS
11 x 17 PLOTTERS
PARAMETERS
(1) 6, vs Ry For Powered Abort Phase only.
(2) &v vs 6
30 x 30 PLOTTERS
(1) 6, vs Ry Polar Plot
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PART II
DETAILED DESCRIPTION OF THE SIMULATION AND PROGRAM

1. PHYSICAL DESCRIPTION

The Manned Aerospace Flight Simulator Facility contains a moving base
cockpit enclosed in a gondola. The cockpit seat is adjustable in height, A
shoulder harness and seat belt are attached to the seat. The gondola is
mounted on a three axis gimbal system which provides rotatignal motion in
pitch, yaw and roll. The range of motion available is t 10°, t 20°, and t 10°,
respectively, The entire gondola is mounted on a tubular yoke which is pivoted
about the pitch axis. The maximum motion is % 900 at a 40 /sec rate. Two g's
ig the maximum acceleration obtainable with the simulator. The hydraulic
system which drives the moving bese is capable of generating up to 4,000 psi.

A control console located in the simulator room provides a closed circuit TV
visual view of the pilot's head and shoulders. In the event of pilot discom-
fort, due to excessive motion or computer malfunction, the run can be halted
at this console by the safety engineer. Sound effects are simulated by a noise
generating system as a function of throttle position for the descent engine.

It will be constant for the ascent engine. Iocated in the computer room is a
control engineer's console which has repeater instruments to display informa=-
tion to the experimenter which is displayed to the pilot. An intercom system
provides for voice communication between the pilot, computer room and the
safety monitor's console.

The gondola is enclosed by a 20 foot hemispherical projection screen. A
starfield projector is used to display a starfield on the projection screen.
The line~of-sight rates and EB are integrated to drive the starfield pro-
Jector. There is a reset button in the cockpit which centers the starfield
if it should pass out of the pilot's line-of-gight. This will occur after hSo
of travel. A spot projector will give the C3M position. The projector is
driven by the line-of-sight angles with respect to the LEM body axis.= The
beam of light from the spot projector will be mechanically interrupted in
order to display the CSM position as a flashing light. A horizon and lunar
scene are displayed by a projector which is mounted on a four gimbal system.
The four gimbel system allows for continuous rotation in roll.

The cockpit is enclosed in a gondola. Directly in front of the pilot is
the instrument panel which contains TV and meter displays of parameters to
be evaluated in flying an abort mission. Mounted on the left side of the
panel are the thruster quad shut-off switches, the Attitude Mode Select
Switch, and the Deadband Select Switches. When abort occurs, a red light
on the right side of the panel will be illuminated by a computer signal. The
throttle-controller is located directly under the lower left side of the
ingtrument panel. The throttle-controller is used to control the thrust level
of the descent engine and firing of the reaction control system jets for
translational control.
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2. INSTRUMENT PANEL

An instrument panel located in the cockpit, provides the pilot with various
visual displays. Displayed parameters, their definition and method of display
are:

a, Euler Angles:

@, 8, ¥ - W/R landing site inertial.
#t, ot, ¥ - W/R thrust axis.
#A, OA, YA - W/R CSM local vertical.

These angles will drive the attitude bell. Prior to staging 6t, ¥, and

will drive the ball. The reference system which is determined prior to a
run will determine which of the other two Buler Angle sets ahall drive the
ball. The angles as displayed to the pilot will be pilot oriented yaw,
pitch and roll. These angles will also be digitally displayed as precision
angle readouts on TV in the cockpit. The cycle time to display one complete
set of angles to the pilot will be 0.5 sec. '

b. Attitude Errors:

& - ge - ¢

CO ec - O
Sy -y - ¢

The subscript ¢ indicates a command function. ©, @ and ¥ are the instan-
taneous valuesof the BEuler angles. These error signals are implemented to
drive the Flight Director Error Needles located on the Attitude Ball. The
experimental mgtrixowill determine which set is utilized. The error needles
are scaled to - 0.5,

c. Angular Body Rates (p, q, r):

The LEM angular body velocities in roll, pitch and yaw will drive
galvanometer type meters. The maximum range is t 20 /sec with graduations
every 5 /sec. The parameters displayed will be pilot oriented such that the
yaw rate is equal to "-p" and the roll rate is equal to "r".

d. Altitude Rate:
The altitude rate, =~Vy1p is an inertial velocity measured with
respect to the LEM local vertical. It is displayed on a dial meter with a
range of £ 500 ft/sec.
€. Range Rate:
The range rate £ is the rate of change of the line-of=-sight

distance between the LEM and the CSM. It is scaled for a maximum of % 500
_ft/sec. A dial type meter is used for display.
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f. Altitude:

The altitude, Rg = - 1‘4 is displayed on a dial meter from O to
100,000 feet full scale. is is the distance of the LEM from the lunar sur=~
face as given by the radar altimeter.

g. Thrust to weight ratio:

An acceleration along the X.BELEM body axis, It is displayed on a
dial type meter and has a range of O to 2 g's (earth g).

h. FElapsed Time:
Displayed on a CRT and reads the total run time in seconds.
i, Bet Time's
A CRT display in seconds. The Set Time may be mechanically set
to zerc by -the pilot or stopped during & run. If not reset to zero after
being stopped, it will continue to add to the previous wvalue.
j. Elevation Angle, E:

A radar line-of-gight angle measured along the line-~of-sight with
respect to the LEM body axis. It is defined as the angle the projection of
the 1OS into the Xnm-} ?8 plane makes with 8he positive Zy axis, It is digli-
tally displayed on’ r a range of £ 360", The angle is displayed prior
to staging.

k. Azimith Angle, A:

A line-of-gsight radar angle which is defined as the angle which
the line-of-sighg ma%ces with the XB-ZB plane, It is digitally read out on TV
with a range of - 90,

1. Range, C:

The distance measured in feet between the LEM and the CSM. It is
displayed digitally on TV for a range of O to 1,500,000 feet.

m. AV USED:

The total amount of AV consumed in the ascent and descent engines.
It is digitally displayed for a range of O to 20,000 feet/sec.

n. AV TO GO:

A programmed value of AV which is displayed during the thrusting
period starting with abort and ending with burnout. It is a digital display
on TV. The range 1s O to 9999.9 feet/sec with capability of passing thru zero.
The final portion of AV Mo go from 100 feet/sec drives a tape called the AV To

" GO tape meter. This tape has green and gray colors. The gray color will be

exposed when Ay TO GO is in excess of 100 feet/sec and will start moving when
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n. AV T0 GO (Cont'd):
100 feet/sec is reached. The green color will then become visible. At zero
AV TO GO the line dividing the green and gray color will be aligned with a
fixed indicator.

3. COCKPIT SWITCHES

There is an assortment of switches located on the instrument panel.
Their function and description are:

a., The Ascent Engine Control Switch:

A push-push type for firing and stopping the ascent engine. This
switch is disabled prior to staging. Prior to initial firing of the ascent
engine, the stop light is on.

b. Descent Engine Control Switch:

Fires and stops the descent engine. To initiate a run with the
descent engine firing, 1t must be put in the fire position prior to the start
of the run. When a programmed failure of the descent engine occurs, the fire
position is disabled. Prior to staging 1t may be used for firing and stopping
the descent engine. The switch lights are disabled after staging.

c., "Stage" switch:

Used to allow for staging the descent engine independently of
the abort auto sequence switch. When staging is initiated, the Stage light goes
on and remains on for the remainder of the run., The Stage switch is disabled
while the descent engine is firing.

d. Abort Auto Sequence Switch:

Disabled while the descent engine is in use. It cannot be used
after staging of the descent engine nor can it be used more than once in a
given run. When used, the switch automatically stages the descent engine and
fires the ascent engine. The AAS switch light stays on until the end of the
run once it is used. .

The Attitude Display switches are all push-push type switches and
have back up lights, When one is used, it disables the other attitude display
switches., There are five such switghes, two of which are non-functional.

e. Descent Display Switch:
Enabled prior to the start of a run except for those runs starting

at the insertion thru mid-course phase. It provides for a displasy of
attitude with respect to landing site inertial,
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f. Ascent Display Switch:

Must be enabled subsequent to abort and immediately after the
attitude mode selector switch is out of the "Auto" mode. Attitude errors will
then drive the error needles on the attitude ball if this is desired. Siml-
taneously, it selects the attitude reference system with respect to landing

- 8ite inertial or C3M local vertical as determined by the experimental matrix.

For this simulation, CSM local vertical is the only system to be displayed
for insertion through mid-course.

g. Mid«=Course Display Switch:

To be used for the insertion through mid-course portion of a run.
It selects the CM local vertical reference system for altitude display.

h., Hover-Iland Switch:

Non-functional for this simulation,
i. Rendezwvous Switch:

Non~functional for this simulation.
J. AV Set Mode Switch:

This is a two position switch, "Auto" and "Manual". The switch
remains in Auto until completion of circularization after which it is
Placed in mamual for insertion into a transfer orbit. While in manual, the
pilot may insert a AV TO GO by turning the AV set wheel.

k., Mid~Course Measure Freeze:

The use of this switch allows readings to be taken on the 1O0OS
Angles, range, and range rate for mid-course measurements. Pushing the switch
freezes the readout of these functions. The switch must be enabled again for
the readout of these parameters to contimue,

1. Thruster=-Quad Shut-Off:

Allows for manual shut-off of any one of four RCS thruster quads
by the pilot. When energized, the appropriate fail light goes on.

m, Attitude:

There are three attitude switches which enable the pilot to select
either direct on-off or "normal" for pitch, roll and yaw axes independently.

n. Mode Select Switch:
This i8 a three position switch, "Auto," "Attitude Hold," and

"Rate Command."” The switch is placed in the "Auto" mode prior to a run and
remains there until Abort is initiated.
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0., Dead Band Select Switch:

This switch enables the pllot to select either maximum or minimum
dead-band for the control system. The selection is made for all three axes
simultanscusly.

p. Translation Select:

This switch 1s used to sélect either direct on-off or Pulse Train
Modulation for the translational mode.

L, INERTIAL PITCH PROGRAM

An inertial pitch, and a Line-Of-Sight (Lo8) pitch program will be
studied in this similation., Studies will be conducted using ascent engine only
and an ascent/descent engine combination for each program.

The inertial pitch program with ascent engine only will requjre the pilot
to rotate the vehicle, at abort, to an inertial pitch angle of 0 at a lOo/sec
rate. The inertial pitch angle is referenced to landing site local horizontal. -
The yaw and roll angles should be similtaneously held at zero. The ascent
engine is then fired and the vehicle held at the inertial pitch angle of 0°
until a specified value of AV USED is attained. The vehicle is then pitched
to a specified pitch angle, ©, at a 10 /sec rate. This angle is held constant
until a new sgecified value of AV USED is attained. The vehicle is then
pitched at 10 /sec to a second specified pitch angle, 02. This procedure is
repeated until AV USED burnout is attained. The ascent engine is then stopped
and the vehicle coasts in a circular parking orbit of altitude h_.. After
coasting in this orbit for a period of time, the ascent engine igofired and
the vehicle inserted into a coasting transfer orbit by thrusting at an inertial
pitch angle until AV USED has been attained. The period of time spent in
the circular king orbit will depend upon“:the time at which abort occurs
since this will affect the phasing of the LFM and CSM. This time may range

from 2 to 20 minutes., During the mid-course phase the LEM will nominally be
on a collision course with the CSM and no mid-course corrections would be
required. Due to pilot induced errors mid-course corrections will be made
as required.

The procedure is the same when the,ascent/descent engines are used except
that the descent englne remains on at abort. The descent engine thrust at
this time is 10,500 pounds. When AV USED equals 5,000 ft/sec, the descent
engine is throttled back to 6,000 pounds. This thrust level is maintained
until descent engine burnout or staging of the descent engine occurs, The
thrust of 6,000 pounds was chosen to make the thrust to weight ration, T/W,
equivalent to the T/W of the ascent engine at abort. The descent engine will
be staged when AV USED equals 7,400 ft/sec. The ascent engine is then fired.
Tables ¢f the inertial pitch program for both engine configurations are in-
cluded in the Appendix. 'The procedures, the same for both engine configu-
rations, are included in the Appendix. The procedures are the same for both
nominal and off-nominal trajectories.
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5. LOS PITCH PROGRAM

The procedure to be followed in the LOS pitch program is similar to the
inertial pitch program. At abort, the vehicle is rotated until the LOS
elevation angle is attained. For late abort cases the thrust will be
applied along the local vertical direction. In some cases, a rotation of 180
in ¢ will be necessary in order to satisfy radar look angle requirements. The
yaw and roll angles will be held to zero during the pitch rotation to E.. The
angle is held constant until a specific value of AV USED is attained, The
vehicle is then pitched to an LOS angle and held at this angle until AV
USED burnout is attained. The vehicle will then be in a circular parking
orbit. After coasting for a specified period of time, the ascent engine is
ignited and the vehicle placed in & coasting transfer orbit by thrusting and
maintaining an 10S angle Ez until AV USED _, has been attained. The procedure
is the same from this point as in the iner@ial pitch program.

0.

6. EXPERIMENTAL TEST PLAN

a, General

In this section are contained the basic information and requirements
of those LEM engineering groups that have requested data from the Manual Abort
Simulation program. The number of problems posed by these groups precludes
thelr resolution within the six-week experimental period. Thus,. a priority
has been established to achieve maximum possible benefit from this simulation
study.

b. ose

The major obJjective of this investigation is to determine pilot
ability to perform manual abort within the present LEM AV budget. Additional
objectives of the study, in order of priority, are:

(1) Determine required attitude instrumentation for manual abort.

(2) Determine effectiveness of mamal midcourse corrections.

(3) Determine the effect of reaction control system degradation
on manual abort capability and AV.

c. Subject Program

Each pilot will be subjected to the following program:

(1) Indoctrination.

(2) Training Trials.

(3) Pre-test Trials.

(4) Experimental Test Trials,
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d. Pilot Indoctrination

In the indoctrination phase, subjects will be given a verbal descrip-
tion of the Abort problem, the limitations of the simulation, the flight con-
trol system and its dynamics, the vehicle configurations to be used, and the
criteria to be met for each part-task and full-task segment. Written ine
structions concerning the tasks required will also be given. Subjects will
be familiarized with the physical components of the simulator and its handling
characteristics. Critical points in the trajectory will be shown to the sub-
Jects as well as how the displays function during the dynamic situation.

e. Pilot Training Trials

(1) Avort-to=Burnout Training Trails.

The conditions to be employed in these training runs (a.bor‘t-to-
transfer orbit insertion) will be as follows:

(&) Inertial pitch program for all trials.

(v) The AV USED and AV TO GO digital indicators and
assoclated AV TO GO vernier display will be op~
erational for all trials. :

(c) Control deadbend of 0.1° will be used.

(d) Abort point #2 along & nominal descent tra-
Jectory will be utilized for these runs. Each
run will start either 5, 10 or 15 seconds prior
to abort time, randomly assigned.

(e) Error needle commands in all 3 axes with respect
to inertial reference system during abort ascent
trajectory and coasting parking orbit.

Each of 4 pilots will undergo training trials using the ascent
engine only and descent/ucent engine combination until his performance meets
specified criterin of 2 consecutive successful runs per engine configuration.
Training qualification will be based upon AV and terminal conditions at burn-
out.

Upon completion of the abort=to-burnout training phase, subjects
will then undergo a series of post=training trials, as presented in Table 1.

(2) Mid-Course Correction Training Trials.

' These runs will follow the successful completion of aborteto=
burnout training. The following conditions will be held constant throughout
the midcourse correction (i.e., transfer orbit insertion through midcourse
thrusting) training trials:

rerort  LED=5T0-8
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(2) Mid-Course Correction Training Trials (Cont'd).
(a) CSM local vertical reference system for all trials.,

(b) The AV USED and AV TO GO digital indicators and
associated AV TO GO verniler display will be opera=-
tional for all trials.

(c) Control deadband of 0.1° will be used.

(d) The initial conditions for all midcourse correction
training trials are presented in Table 2. Fach mid-
course run will begin at transfer orbit insertion.

(e) Thrusting procedures will be accomplished with duale
axis control, i.e., rotation about the Y-body axis
followed by successive thrusting along the X and Y
axes.

(f) Error needle commands in roll, pitch and yaw will -
be utilized for mid-course measurements and both
the precision angle digital readouts in all three
axes and the eight<ball will be used for mid-course
thrusting.

Training criteria for mid-course correction procedures will be
satisfied after each pllot performs two consecutive successful runs, based
upon AV and burnout errors,

f. Pre<Test Trials

This phase of the simulation program will be used to evaluate attitude
display instrumentation, reaction control system sensitivity (deadbands) and
the attitude reference system (1a.nding site inertial vs line-of-sight reference
systems). Based upon these evaluations, certain quantities will be selected
and remain constant for the remainder of the program.

(1) Attitude Display Instrumentation (Abort-to~Transfer Orbit
Insertion)

This segment of the pre<test trials will investigate two attitude
instrumentation schemes (i.e., precision angle readouts and eight-ball only)
to determine the feasibility of their inclusion as study variables in the ex-
perimental test runs. Should both attitude display modes prove "flyable,"
they will be retained for the balance of the study.

The following conditions will be held constant throughout these

(a) 1Inertial pitch program will be used.
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(1) Attitude Display Instrumentation (Cont'ad).

(b) 'The AV USED and AV TO GO digital indicators and
associated AV TO GO vernier display will be op=-
erational.

(c) Control deadband of 0.1° will be utilized.

(4) Abort point #2 along a nominal descent tra-
Jectory will be employed for these runs. BEach
run will start either 5, 10 or 15 seconds prior
to abort time.

Display conditions involving precision angle digital readouts in
all three axes with the eight-ball and the eight-ball only (no precision
angle readouts) will be introduced. Each of four conditions will be presented
once to two pilots as presented in Table 3.

Should one display condition, or both, prove to be "flyable"
(based upon AV and burnout errors), they will be retained and treated as
study variables during the test runs. If there is no initial success, the
run schedule (Table 3) will be repeated three additional times per pilot, i.e.,
a total of 16 runs per pilot. At least eight "non-flyable" runs (i.e., in
excess of AV budget) per pilot under each display method would be used in
Justifying the elimination of one, or both.

(2) Deadband Investigation.

Three different control deadband conditions will be studied to
determine the effect of reaction control system sensitivity on pilot perfor-
mance during abort-to-transfer orbit insertion, based upon AV and burnout
errors, The study conditions to be employed for these runs will be identical
to those used in the abort-to-burnout training trials (refer to section e(l))
with the exception of control deadband conditiogs. E%ch of thgee values of
control deadband will be introduced, i.e,, 0.057, 0.5 and 1.0 under each of
two engine configurations. Table 4 presents the six conditions that will be
administered to each of two pillots.

(3) Reference System Evaluation (Abort-to-transfer orbit insertion).

Two attitude reference coordinate systems will be investigated
to determine the superior technique for inclusion in the test runs. The
abort-to-~burnout trajectory will be referenced to either the landing site
inertial or the line-of-gight coordinate system. These pre-test trials will
be conducted using both reference systems and the AV consumed for each will
be recorded. The AV USED for the two referenced systems will be compared to
determine if any significant difference between the two referenced techniques
exlsts. If one is significant, the superior referenced technique, i.e,, the
system requiring the least AV, will be retained for the remasinder of the pro-

gram,
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(3) Reference System Evaluation (Cont'd).

The study conditions to be employed for these runs will be
identical to those used in the abort-to-burnout training trials (refer to
section e(1l)) with the exception of the reference technique used, i.e., line=
of-sight (LOS) reference system instead of landing sight inertial. Error
needle commands will be employed during the abort ascent trajectory and
coasting parking orbit. The angles to be displayed on the error needles are:
Inertial Roll Angle, Inertial Yaw Angle and Elevation Angle. Each of two pilots
will fly ascent engine only and descent/ascent engine combination until they
complete two consecutive "successful" runs per engine configuration (based upon
the same criteria of AV and terminal conditions at burnout used in section e(l).
The pilots will perform two runs with the ascent engine only and two runs with
the descent/ascent engine combination as presented in Table 5. The AV and
terminal conditions at burnout will be recorded and compared with pilot per-
formance data using the inertial reference system (refer to section e(l1)) to
determine if any significant difference between the two referenced techniques
exists. If one is significant, it will be retained for use in the test runs.

If there is no difference, the inertial technique will be retained.

g. Experimental Test Trials

This phase of the simulation program will be used to evaluate pilot
capability in (1) the manual initiation and control of powered abort trajec=-
tories under a variety of vehicle and attitude display conditions; (2) the
conduct of a manual midcourse correction, and; (3) the manual control of a
complete abort trajectory (abort through mid-course correction).under a variety
of conditions of flight control system degradation. The test runs will be
sub-divided into three segments as follows:

« Abort-to-burnout.
. Mid=course correction.

. Complete abort trajectory.
(1) Abort-to-Burnout Test Trials.

The conditions to be employed in these test runs (abort-to-trans-
fer orbit insertion) will be as follows:

(a) Either inertial or 10S pitch program will be used, as
determined in section f£(3).

(b) The AV USED and AV TO GO digital indicators and
associated AV TO GO vernier display will be opera-
tional for all trials.

(¢) Control deadband of 0.1° will be used for all trials.

(d) Bach test trial will start either 5, 10 or 15 seconds
prior to abort time, randomly assigned.

The study variables under investigation are as follows:
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(1) Abort-to-Burnout Test Trials (Cont'd).

Attitude Display Instrumentation (Assume all three are found
feasible - refer to section f(1)).

E.N. = Error Nulling Needles.

P.A. = Precision angle readouts in three axes
with eight-ball (if inertial is used); Pre-
cision angle readouts in roll, yaw and 10S
elevation with eight-ball (if LOS is used).

E.B. = Eight-ball only.

Abort Points -

1N = Abort point #1 along nominal descent tra-
Jectory where t hO seconds after initia-
tion of powered scent,and GABORT = 97.9
3N = Abort point #3 along nominal descent trs-
Jectory (tABORT = 280 seconds; ABORT ™ 75.6
5K = Abort point #5 along nominal descent tra=
Jectory (tABORT 510.5 seconds; ©,n pm = O. 1°).

3 ON = Abort Point #3 along off-nominal descent
trajectory.

"Engine Configurations

A = Ascent engine only.
D/A = Descent/Ascent engine combination.
Each of the 24 conditions will be presented to each of four

Pilots twice, yielding a total of 48 runs per subject. Table 6 presents the
run schedule for these test trials,

(2) Mid-Course Test Trials.
The test conditions for this series of trials will be as follows:

(a) CSM local vertical reference system will be
used for all trials.

(b) The AV USED and AV TO GO digital indicators and
associated AV TQO GO vernier display will be
operational for all trials.

(¢) Control deadband of 0.1° will be used.

(4d) Each test trial will begin at transfer orbit
insertion.
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(2) Mid<Course Test Trials (Cont'd).

(e) Mid-course correction thrusting procedures
for coplanar errors only will be accomplished
by rotating about the Y-body axis followed
by a single translational thrust application
along the X~-body axis. When correcting out=of-
plane errors, the pilot will rotate about_?ﬁe
Y-body axis followed by successive translational
thrusting along the X~ and Y~body axes.

The study variables under investigation are as follows:

Attitude Display Instrumentation (Assume all three are feasible)

a = Error needles in all three axes for mide
course measurement and precision angle digital
readouts in all three axes with eight-ball for
mid=course thruating.

= Precision angle digital readouts in all
three axes with eight-ball for both mid-course
measurements and thrusting.

¢ = Eight-ball only for both midecourse measure-
ments and thrusting.

Initial Conditions (Will be derived from pilot performance
data, 1.e., burnout conditions at transfer orbit insertion,
collected during abort-toe-burnout training trials)

.

= "Moderate" co-planar errors.

= "Extreme" co-planar errors.

"Moderate" co-planar and outeof-plane errors.
4 = "Extreme" co-planar and out=of=plane errors.

w N
[

Four pilots will undergo each of the twelve test conditions twice,
vielding a total of 24 runs per subject. The run schedule for the mid-course
test trials are presented in Table 7. :

(3) Complete Abort Trajectory Test Trials.

The study conditions to be employed for these runs will be as
follows:

(a) For the abort-to-transfer orbit insertion por-
tion of each run, either the Inertial or LOS
Pitch program will be used, whichever is found
superior (refer to section £(3)).

;:2" 9 March 1964
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(3) Complete Abort Trajectory Test Trials (Cont'd).

(b)

(e)

(a)
(e)

(£)

(8)

The superior attitude display will be utilized,
as determined in section g(l), for the abort-
to=transfer orbit insertion segment of each
test trial.

The AV USED and AV TO GO digital indicators
and assoclated AV TO GO vernier display will
be operational for all trials.

Control deadband of 0.1° will be utilized.

Abort point #4 along a nominal descent tra-
Jectory will be used for these runs. HBach run
will start either 5, 10 or 15 seconds prior
to abort time, randomly assigned,

CSM local vertical reference system will be.
used for all trials for the transfer orbit ine
sertion through mid-course thrusting segment.

The attitude display instrumentation found to

be superior in section g(2) will be used during
the mid-course correction portion of each test
run, .

A variety of degraded conditions of the flight control and re-
action control systems will be introduced at the beginning of each run. The
study variables under investigation are as follows:

Vehicle Configurations

A = Ascent engine only.
D/A = Descent/Ascent .engine combination.

Flight Control Degradation

N = No degradation or malfunction.
D.P. = Direct mode in pitch axis only.
D = Direct mode in all three.axes.

C = Rate command in all 3 axes; no attitude hold.
R.0. = One of the RCS Jets (used for pitch, i.e.,

x-axis jet) failed om.

R.F, = One of the RCS jets (used for pitch)
failed off.

Four pilots will undergo each of the twelve test conditions once,
Ylelding a total of twelve runs per subject. The run schedule for the come
Plete abort trajectory test trials are presented in Table 8.
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APPENDIX A

EQUATIONS OF MOTION

The equations of motion developed by the Dynamic Analysis Group, are for
a six degrees of freedom hybrid simulation. Except for the LEM body axis
angular rates p, q and r, the implementation of the equations is digital.
The assumptions made in formulating the equations are as follows:

1. The C3M is in a circular equatorial orbit.
2. The Descent Engine gimbal axis excursions are small,

3. 'The Ascent Engine thrust misaligmment is small and
constant,

4, The reaction jets have no'! thrust misalignment.

5. There is no reaction between the LEM Ascent and Descent
stages at separation.

6. There is no movement or sloshing of fuel in the LEM.

T. 'The moon has no rotation with respect to inertial
space,

The translational and rotational equations of motion include the effects
of descent engine gimballing,ascent engine thrust misaligmment, inertial cross=-
coupling and jet damping. The mass and inertia equations include the effect
of staging after descent engine burnout. The equations provide for a variable
center of gravity with moments measured from a fixed reference point. The
moments are then translated and are taken about the center of gravity. The
reaction jet moment arm geometry is as shown in the following figure: (See
page A-2).
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LFM REACTION JET GEOMETRY
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CSM TRANSLATTONAL MOTION (INERTIAL)

¥pa = “ G Xpa
RA3

Yo =0

ZPA"'_Gy_ Zpa
R.3
A

RELATIVE POSITION WRT INERTIAL AXES

R_ =X, -X
xp "PA p

RELATIVE POSITION IN LEM BODY AXES

2}
1

LR +1,R_+1 Rz

xB "1 xp 2 yp 3 zp

RyB=m1Rxp+m2Ry_p+m3Rzp

RzB = nl Rxp + n2 Ryp + n3 Rzp

RANGE OF LEM TO CSM
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LEM INERTIAL VELOCITY WRT LEM LOCAL VERTICAL

5(R =5( Cos6B+é. Sin6B
P P
2 _ 6 ; 6
X1p _kpsm B+ZpCos B
= 3 A v A
V op X, Sin B+_Yp Cos AB
= - A S Py
vﬁlB XR Cos B + Yp Sin/B
LEM LATITUDE AND IONGITUDE RATES
>\B='Vn2B
R
P
S
B= V.
) LEM ALTTTUDE
1/2
2 2
= (X Z
Y= (K + 7))
1/2
2 2
R =
p = (g v Y)
= R -
Ry = ", - By

LEM LATITUDE AND LONGITUDE

A D\
=8 B=-Y/R
B in Yp/p

Cos A B = XR/RP
sin6B = z /%
Cos 6B = xp/)%i
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AX
P

AY
P

A7,
P

LEM BODY AXES FORCE EQUATIONS

= (Ty + Tg + Tyg * Tyy) = (T + Tg + Tg + Ty3) + Ty + T,

(TlE * Tl6) - (T)-# * T8) +8vm r'Um +g‘¢a Ta

—(T,(+T

I

11) - (Ty3 + Ty5) + ng Tn *8% Tg,

LEM RESULTANT INERTIAL ACCELERATION FORCES

(ll B +m B +mn Bz)
mT

l2Bx+m23y+n23z
mT

Bxl3+m3By+n3Bz
mT

INERTIAL TRANSLATIONAL MOTION
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GRUMMAN AatlCHR

LEM BODY AXES MOMENT EQUATIONS
L= {(Tu+TT+T12+TlS)-(T + Tg + Ty +T6)}Y+BZCG ZYCG
M= {(T2+TS+T9+T1H) '(T1+T6+T10+T13)}YT3" Blee * B
x'I'me“‘SQQ.}Inl‘ta.r‘[‘a.
N = {(T1+T5+T10+Tlh) -(T2+T6+T9+Tl3)} YT3+ YoeBy = XoaBy
'SmeI!nTm'S?ﬁaxTaTa
ROTATIONAL MOTION
. 2 2 ,
p:I_{L-(IZ-Iy)qr+Iyz(q -r)+IyZ(r+pq)
X
. . 2 2
Im(q-Pr)+pMm1DpD+pM lDPA}
q = {M—(I -1)er+ I, () + I (b+ ar) + I (#-pq)
Q=1 < P xz P xy Pt a yz (TP
. 2
+ququrD+qM qur}
= - -I -
T:‘{N (1, - 1) P+ I (0P=a®) + I, (@4 p0) + Iy (6 - a0)
. 2 . 2
+rMmqurD+rMaqurA}
LINE OF SIGHT ANGLES WRT LEM BODY AXES
SinE:R‘JCB/P
Cot3E=(RYB +R2]'/2
SinA=-RYB//°CosE
CosA=RZB/pCosE
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RELATIVE VELOCITY OF CSM WRT INERTIAL AXES

- %

zp
RELATIVE VELOCITY OF CSM WRT LEM BODY AXES

= llpr + 12U VP + 13Uzp

éc

U =m1pr+m2pr+m3Uzp

YB
U

U“ = nluu + nEUy_p + n3 2p

LOS RATES WRT LEM BODY AXES

f)=UxBSinl -UyBConESS.nA+UzBCos E Cos A
Cos E + UyB Sin E Sin A - U,gSin E Cos A)

- %(Un

A= 1
/g‘c?-'l

RELATIVE POSITION OF LEM WRT CSM LOCAL VERTICAL

(-uyB Cos A - U, Sin A)

- 6 . 6
YA = R Sin YA Rzp Cos YA
R = =R

= Rxp Cos ©A + R‘p Sin ©A

Roa

o]

LOS ANGLES WRT CSM LOCAL VERTICAL AXES
Sin A, = R.,/P
1/2

Sin E, = = R ,/pCos A

A
Cos E, = P&A/p Cos A " Cos A, = (
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FUEL CONSUMPTION EQUATIONS

a spe
t .
AM_ = Mt
AM i at
=Jo a
t
AM, = 1 f (T T+ THTATGHT) T 4T) £ )dt
2.2 I, %
t
AMy = 21 . f (T2 +T), +'1'5 +Tg +Ty +T11+T13 +T15)dt
32 spj ©
AMpog =OMy +AM,
AMT =AM'I‘

AMT1=A M, +8Mpag

AMT2=AMB, +AM'RCS

: %
AM,jx«r = 1 (T2 + T+ Ty + Tlh)dt
2.2 I__..
spj’ o
t
Aij__ = 3212 . (T, + Tg + Tg + T13)dt
‘ spj o
t
aM, . = 321 . f(Tle + Tyg)dt
2T 05 %
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FUEL CONSUMPTION EQUATIONS (Cont'd)

t
AM, = 1 f(Th+T)dt
Jy= 8
35.2 Teps o
[

AM = 1 (T, + T,.)dt
[ " (A §
E A

t
AMy,_ = 1 . f(T3+Tls)dt
spj o

AV =\€t Tm/MT at
av. =J% Ta at
a [o] S—
Mp

INSTANTANEOUS MASS
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LEM BODY TO CSM LOCAL VERTICAL

DIRECTION COSINES

LFM BODY TO INERTIAL

L m, .

13. my ng

i 1
cos A o0 sin 6
0o 1 0
]
=3in 6A O Cos 6A

LEM BODY TO LANDING SITE VERTICAL AXES

’

[ g

LFM BODY TO LEM LOCAL VERTICAL

" cos®. 0 sin6

0 1 0
-Siné 0O Cos ,6,_
-

SindB  CosAB 0

0 0 1

[ Cos B - SinAB 0 |

DESCENT ENGINE THRUST TO LANDING SITE VERTICAL

Ly

] L
L o

1l
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DESCENT ENGINE THRUST TO LANDING SITE VERTICAL (cont'd)
1 -Sym 0
1§ Y 1 0
0 0 1
INERTIA EQUATIONS
I = I - (de) A
x1 X01 (d_ﬁr-)l M'I‘l
I, =1 - (dx) a
x2 e (@), Mpo
ar
= I - A
Ty1 Vo1 gm'rlgl Mm
I, = I, - ‘(d_Il) MMy,
y2 Yo2 (d‘M'I')Z
I = I - (dIz A )
ar
= - A
IZZ I202 gaﬁ:-gz M'IE
_ L SRR
I"yl Ixy01 &fﬁ Y
a1 ~
I =1 - A
xv, ™ T 5353; Mo
a1
=T - A
Ile x201 gﬁi MTl 4
ar
Ix22 = Ix202 - gﬁe AM‘I’Q
‘ =1 - (41 A
" )
_ _ (a1
Iyza = Iy %0 ( TMT%; AMT2
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CENTER OF GRAVITY

el
L

&
Xog,, - 2_"06)1 Aw,

P4
]

ax
ca, ~ *eGy, T ém-'qu)-; éMTe

ay
Y =Y - cG) A
CG CG g My
1 o1 ﬁ,p’l 1
ay
Y =Y ce) A
CG,, CGyyp i MT2
2
az
Z = Z CG) AMT
CG]. CGOl EFTTI 1

az
ca, " ZCG02 %5{?)'; AM'ra

EULER ANGLES
BODY AXES WRT LANDING SITE VERTICAL
1
Sin Y = L,
t
Cos Y = + [1 - (12)2J 1/2
) l'
Sine=«1 Cos 8 = "1
__%Coa ) Cos ¥
1 L]
Sin § = ~ "2 A Cos ¢ = "2
Cos 7 Cos ’&
THRUST AXES ANGLES WRT LANDING SITE VERTICAL
Sin 1"1' = 1 ~ Sin 8 = =l / Cos ‘MT
- 2y1/2 ;
Cos '¢T = (1-12,1, ) Cos 8, = 1, / Cos '¢T

Cos ﬁl‘ sz/‘Cos ul’
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BODY AXES WRT CSM LOCAL VERTICAL

Sin Y, = L Sin 0, = -L,/Cos ¥,

Cos '¢A =+ (1 - L22) 1/2 Cos 0, = -L3/Cos 'I)A
Sin ¢A = -N2/Cos WA

Cos ¢A = M2/Cos ¢A

EQUATIONS FOR ATTITUDE BALL DRIVE

Sin wBALL = « Sin @ Cos Y
_ 2 1/2

Cos ‘wBALL =+ (1 = Sin wBALL)
Sin Oy, - = Cos # Sin @ %51;; ¢ Sin P Cos ©

BALL
Cos O, . = Cos g Cos © Eos% g sinY sin @

BALL
Sin ¢BALL -ciin

BALL
Cos ¢BALL = 08282 Cos Y
BALL
AV TO GO

t
AV TO GO = K; {Avsm.-. - fo I-}T-- (I3 + B + B, )dt}

+ Ke{ K3 Avnoa + K AV Bod * KS (T400) + K6 (T400- Avm) - AVUSED}

AVSE'.[‘ is a manual set value AVUSED = AVm + AV‘
gsmiltimeofmanualset Kl&K2=Oorl
AvBc‘ and AvBod are on-set constants

The AV TO GO logic 18 illustrated in the following figure:
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APPENDIX B

ABORT SIMULATOR DEFINITION OF SYMBOLS

Direction

SYMBOL DEFINITION UNITS
Bx Applied Force Along LEM XB - Body Axis LBS,
By ~ Applied Force Along LEM YB - Body Axis LBS.
Bz Applied Force Along LEM ZB - Body Axis LBS.
TJ, J=1...16 Reaction Jet Thrusts LBS.
'I‘m Descent Engine Thrust LBS.
Ta. Ascent Engine Thrust LBS.
3y Descent Engine Gimbal Angle About Body ZB - RAD,
Axis
gw Ascent Engine Thrust Misalignment Angle RAD.
a About Body ZB - Axis
69 Descent Engine Gimbal Angle About Body YB - RAD,
m Axis
89 Ascent Engine Thrust Misalignment Angle About RAD,
a Body YB - Axis
A% Acceleration In Inertial XP - Direction Due FT/SEC2
to Applied Forces
AY Acceleration In Inertial YP - Direction Due F‘I‘/SEC2
p to Applied Forces
N Acceleration In Inertial ZP - Direction Due FT/SEC2
P to Applied Forces
MT Instantaneous Tbtal LEM Mass Slugs
M N Directi Cosines Between Inertial Axes and
1,2,371,2,3"M,2,3 D% Body Axes sen Iner -
i ,f/l ,ﬁ Direction Cosine Rates Between Inertial Axes
1,2,3%,2,3M,2,3, DiTeshon Cosne _
X Total LEM Acceleration In Inertial XP - FI/SEC’
P Direction
¥ Total LEM Acceleration In Inertial YP - Fr/ SEC?

REPORY LED-570~8

DATE
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raGce B-2

SYMBOL DEFINITION UNITS
VA Total LEM Acceleration In Inertial ZP - FT/SECT
p Direction
g Gravitational Acceleration - (32,2) FT/SEC2
xp LEM Velocity In Inertial XP - Direction FT/SEC
ip LEM Velocity In Inertial YP - Direction FT/SEC
zp LEM Velocity In Inertial ZP - Direction FT/SEC
X LEM Distance From Moon Center In Inertial
p Landing Site Vertical Direction FT
Y LEM Distance From Moon Center Along Moon
P Spin Axis In South Direction FT
7 LFM Distance From Moon Center In Inertial FT
P Landing Site Horizontal Direction
R Altitude of the LM from the Lunar Surface FT
L LM Iatitude RADIANS
8 B LEM Longitude RADIANS
Rp LEM Radial Distance From Moon Center FT
Voig LEM Inertial Velocity In ILocal Horizontal FT/SEC
Fasterly Direction
Voon LEM Inertial Velocity In Iocal Horizontal FT/SEC
Southerly Direction
Vo LEM Inertial Velocity In Iocal Vertical FT/SEC
rl Direction
g LEM Latitude Rate RAD/SEC
6y LEM Longitude Rate RAD/SEC
Xl Reaction Jet Moment Arm In XB Direction T
Y L Reaction Jet Moment Arms In YB Direction BT
112} 3)
Zl L Reaction Jet Moment Arms In ZB Direction FT
}21 3)
xa, ya, za Ascent Engine Moment Arms FT
X’ ym’ z Descent Engine Moment Arms FT
L Applied Moment About XB - Axis FT-LBS.
M Applied Moment About YB - Axis FTr-LBS.
N Applied Moment About ZB - Axis FT-1LBS.

rerOrT TED-570-8
DATE 9 March 1964
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race B-3

SYMBOL DEFINITION UNITS
3 Angular Acceleration About XB - Axis RAD/SEC

4 Angular Acceleration About YB - Axis RAD/ SEC®
# Angular Acceleration About ZB - Axis RAD/SEC2
p Angular Rate About XB - Axis | RAD/SEC
aQ Angular Rate About YB - Axis RAD/SEC
r Angular Rate About ZB - Axis RAD/SEC
Ix Moment Of Inertia About XB - Axis SLUG-F'I?2
Iy Moment Of Inertia About YB -~ Axis SLUC—-FT2
Iz - Moment Of Inertia About ZB - Axis ‘ SLUG--FT2
Ixy Product Of Inertia SLUG-‘ET2
Iyz Product Of Inertia SLUG-F‘].‘2
Xz Product Of Inertia SLUG-I*"I.‘2
M Total Mass Rate SLUG/SEC
lappA’ 12quA ng:;:tg;izic Distance For Jet Damping- FT2

12 1° Characteristic Distance For Jet Damping- FT°

DpD” DarD Descent Engine

'x'p CSM Acceleration In Inertial XP Direction FT/SEC2
‘Z.'p CSM Acceleration In Inertial ZP Direction F'I‘/SECe
c Universal Gravitational Constant Fr/ SEC2
M Lunar Mass _ SLUGS

ip CSM Velocity In Inertial XP Direction FT/SEC
2p CSM Velocity In Inertial ZP Direction FT/SEC

X CSM Distance From Moon's Center In Inertial FT

P XP Direction

7 CSM Distance From Moon's Center In Inertiasl FT

1Y ZP Direction

R, CSM Altitude (Constant) FT

serort LED-570-
pate 9 March 1964
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SYMBOL DEFINITION UNITS
Rxp Relative Position in Inertial XP-Direction Fr
Ryp Relative Position in Inertial YP-Direction Ft
Rzp Relative Position in Inertial ZP-Direction T
/0 Range FT
R g Relative Position in XB-Body Axis Direction FT

RyB Relative Position in YB-Body Axis Direction FT
RzB Relative Position in ZB-Body Axis Direction FT
A Azimuth Angle RAD
E Elevation Angle RAD
°’A CSM Iongitude RAD
R Relative Position in CSM Local Horizontal FT
XA < X
Easterly Direction
R A Relative Position in CSM Local Horizontal i
¥ Southerly Direction
Rz A Relative Position in CSM Local Vertical FT
Direction
AA Radar Gimbal Angle in CSM ILocal Horizontal RAD
Plane
EA Radar Gimbal Angle in CSM ILocal Vertical Plane RAD
U Relative Velocity in Inertial XP Direction FT/S
pr Relative Velocity in Inertial YP Direction FT/ S
v, D Relative Velocity in Inertial ZP Direction FT/S
Unp Total Relative Velocity Fr/s
Up Relative Velocity in XB-Body Axis Direction FT/SEC
Uy Relative Velocity in YB-Body Axis Direction FT/SEC
U,n Relative Velocity in ZB-Body Axis Direction FT/SEC
ﬁ .Range Rate FT/s
vy Component of Relative Velocity in Line-of- FT/SEC

Sight J ,-Direction

eerort LED-5T70-8
OA 9 March 1964
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SYMBOL DEFINITION UNITS
v Component Of Relative Velocity In..Line-Of- FT/5EC
k Sight k; - Direction
60A Initial CSM Longitude RAD
'61\ CSM Longitude Rate RAD/SEC
t Time SEC
Oc Command Pitch Angle RAD
M »N Direction Cosines Relating LEM Body Axes
Ll”2’3, 1,2,37"1,2,3 To CSM Local Vertical -
L?I-. 5 ’Ml 5 29 Direction Cosines Relating LEM Body Axes
12,37 1,2,3 To LEM Local Vertical -
AM Reaction Jet Propellant Burned In + XB - SLUGS
Jx+ Direction
AM Reaction Jet Propellant Burned In + YB - SLUGS
Jy+ Direction
AM Reaction Jet Propellant Burned In + ZB - SLUGS
Jz+ Direction
AM Reaction Jet Propellant Burned In - XB - SIUGS
Jx- Direction
AM Reaction Jet Propellant Burned In - YB - SLUGS
Jy=- Direction
AM Reaction Jet Propellant Burned In - ZB - SLUGS
Jz- Direction
AM Reaction Jet Propellant Burned In Jet SLUGS
A System A
AMm Reaction Jet Propellant Burned By Descent SLUGS
Engine '
A Reaction Jet Propellant Burned By Jet Sys- SLUGS
ME tem B
AM Reaction Jet Propellant Burned By Ascent SLUGS
a Engine '
AM’I‘ | Total Propellant Burned SLUGS
Translational AV Consumed FT/SEC
AVTR

LED-570-
9 March 1964
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PAGE B=6

SYMBOL DEFINITION UNITS
ISP Reaction Jet Specific Impulse SEC
ISPi Descent Engine Specific Impulse SEC
ISP Ascent Engine Specific Impulse SEC
MRCZ Reaction Jet Fuel SIUGS
MO RCS Initial Reaction Jet Fuel SILUGS
AV AV Used by Descent Engine FT/SEC
AVa AV Used by Ascent Engine FT/SEC
AV AV Remaining in Descent Stage FT/SEC
AV AV Remaining in Ascent Stage FT/SEC
MOTl Initial Mass - Descent Stage SIUGS
MO'I‘E Initial Mass -~ Ascent Stage SLUGS
AvABn AV Required for Abort Before Staging FT/ SEC
AVAm AV Required for Abort After Staging FT/SEC
IXOl’ IYOl’ IZOl ézli)gii.ibggm‘e’,z:zh zf Inertia for LEM SI..UG-IF‘I'2
IXYOl’ IYZOl’ IXZOl gz;g%igo%::;tof Inertia for LEM SLUG-F‘].‘2
IXO2 » IYO2’ IZO2 gézril:.l]‘ll:gr;relzts of Inertia after Staging SIUG-FT2
Levor’ Tyzop’ Lzop §222i21£§22i2cts of Inertia after Staging SLUG-FT*
(%x) &dl y (4% Derivative of Moments of Inertia with Re- FT°
(51_4;)1 qu,rL)l(dMT . spect to Total Mass Change-Descent Stage.
(dIJw)(dIyz)(dez) Derivative of Products of Inertia with Re- FI°
(%)1(%)1(%71 spect to Total Mass Change-Descent Stage
(EI_x% EdI ) (L Derivative of Moments of Inertia with Re- FT*

(dMT 5%% g# .spect to Total Mass Change-Ascent Stage

2 2 2
Derivative of Products of Inertia WRT Total F1‘2

Mass Change-Ascent Stage

REPORT
DATE
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SYMBOL DEFINITION UNITS
XCG’ YCG’ ZCG Distances Between Center of Gravity and FT
Reference Point
xCGOi YCGO’l ZCGOl Initial Position of CG at Separation FT
choé YCGOé ZCG02 Initial Position of CG After Staging FT
d.xc day dz .
GY(Tce)(TUce) Change in CG Position WRT Change in Mass FT/SIUG
EM_TT dMT5 for Descent Stage
1 1 1
d .
ngCG)i Yca)édzcc) Change in CG Position WRT Change in Mass FT/SIUG
) ) for Ascent Stage
2 dMT 2 dMT 2
xm’ Y zm Descent Engine Moment Arms T
x'I'M’ Y .5 Z’]M Distance Between Fixed Reference Point and T
Descent Engine Gimbal Axis Point
x> ya: 2, Ascent Engine Moment Arms T
X’L‘a.’ Y. , Z’I‘a Distance Between Fixed Reference Point and T
Ascent Engine Nozzle
xl' Distance Between Fixed Reference Point and FT
1 RCS Nozzle in XB Direction
Y'I' Distance Between Fixed Reference Point and BT
1,2,3,4 RCS Nozzle in Y Direction ’
Z“I‘ Distance Between Fixed Reference Point and FT
1,2,3,4 RCS Nozzles in Zy Direction
vy LRM Velocity in the X Body Axis Direction FT/SEC
*] Rotation About the YB Body Axis WRT Inertial RAD
Space (Pitch)
'¢ Rotation About the ZB Body Axis WRT Inertial RAD
Space (Roll)
@ Rotation About the Xj Body Axis WRT Inertial RAD
Space (Yaw)
OA Rotation About the Y_ Body Axis WRT CSM RAD
Local Vertical (PitcR)
Y, Rotation About the z§ Body Axis WRT CSM RAD
‘Iocal Vertical (Roll
N Rotation About the X, Body Axis WRT CSM RAD

Local Vertical (Yaw)

REPORT
DATE
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. SYMBOL DEFINITION UNITS

() ' Rotation about the Y Thrust Axis WRT RAD
Inertial Space (Pitch)

‘mr Rotation About the Z Thrust Axis WRT RAD
Inertial Space (Roll)

Rotation about the X Thrust Axis WRT RAD
Inertial Space (Yaw)

._?.

reroRT  LED-570-8
Date 9 March 1964

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

vez-ug zm‘o




Appendix C

Range of Variables

Table C-1 contains the ranges of variables for the Grumman
Abort Simulation.
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TABLE C

RANGE OF VARTABLES FOR GAEC ABORT SIMULATION raGE C_p
Symbol Range Units Symbol Range® Units
B, -400 - 410900 1bs lB -0.03 - +0.03 RAD
B, | -200 - +1300 1bs 63 -0.18 - +5.0 § RAD
B, -200 - +1300 1bs R, 5.70209973x10° =
+1.6x10 FT
TJ:J—l....16 0 - 100 lbs LTS 0 - +5,700 FT/SEC
T 0 - 10,500 1bs v -100 - +100 FT/SEC
m n2B
| T, 0 - 3,500 1bs Vg -300 - +400 FT/SEC
59, ng -0.10473 - 1 L A
+0.10473 RAD B -2x10 - 42x10 RAD/SEC
59, be_  -0.06 - +0.06  RAD &, 0 - +1x1073 RAD/SEC
o% ~30 - + 30 FT/SEC® x, 0 - +.5 FT
8 3. +3 FT/SEC® v .9 - 45.1 FT
At 230 - + 30 FT/SEC” Y, 4.9 - -5.1 FT
M 110 - 797.61 SLUGS V3 +5.4 - 45,6 FT
[;1,;,771'1,3)1,1,3 -1l - +1 - Yy -5.k - -5.6 FT
1., 3T, T,2,3 0.35-40.35 1/SEC zq +5.2 - +5.8 FT
3 235 - 425 FT/SEC® , -5.2 - -5.8 FT
?@p -3-+3 FT/SEC® zq .7 - 45.3 FT
i 230 - +30 FT/SEC® 2, 4.7 - 5.3 FT
g 32.2 | FT/SEC® %g 1.0 - 0 FT
ip -5,700 - +5,700 F;/SEC Ve ~0.009-40,017  FT
9p -100 - + 100 FT/SEC Z, -0.25- - 0.05  FT
zp -5,700-+5,T00 6m/smc Xm -4.5 - - 1.8 FT
x, -1.uio -+l.l];xlO FT v 0.009-40,01T FT
A -2x10 -gaxlo 6Fr o -0.25- -0.05 FT
z, -1.1x10 -gl.lxlo FT L -2,000-+2,000  FT-1bs
Ry 0-+1,1x10 ¢ FT M, N -7,000-+7,200 FT-1bs
Ry 5.70209973x10 FT Rep + 1.5 x 10 FT
P t 1.0 RAD/SEC2 R +2x 101* FT
) + 1.0 RAD/SEC® Rg £ 1.5 x 10° FT
# £ 1.0 RAD/SECC 1x102,1, 5x106 FT
2 B W Sa. fEd F
r 40. RAD/S% R, 5 yB x10 E
I, 2, 3oo-+17?501+ SLUG-FT* A + 1+.7 RAD
Iy 2,100-+19, 766 SLUG-FTX E + 6.3 RAD
I, 1,100-+18,989  SWK-FI* 6, -0.3026351-45.0  RAD
I 211 -+19 SLOG-FI* R £ 1.5 x10 T

REPORT
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Symbol Range Units Symbol ' Range Units
vz -191- -80 SLUG-FT7 Ryp + 2 x10" FT
I 52 - +232 SLUG-FT7 R, +1.5x10° T
M 0 - 4+0.95 SLUG/SEC A, $6.3 RAD
1 3.88 FT E + 6.3 RAD
2Ppe 18.8 FT* A 00
er N . Upp 5 FT/SEC
leD 3.91 A FT U #100 FT/SEC
2 v P
ILDarD 30.4 uzp -500-+5700 FT/SEC
)EP A -5.3134-45,3134 FT/SEC2 URT -500-+5700 FT/SEC
Zoa -5.3134-+5,3134 FT/SECC | Up 5700 FT/SEC
XpA : +5284,69883 FT/SEC U;ﬁ +5700 FT/SEC
zPA +528k4.69883 FT/SEC U,z $5700 FT/SEC
i&) A 6. 1881897::106 FT p +500 FT/SEC
sz t6.188189'{x106 FT vj 500 FT/SEC
R, 6.1881897x10°  FT Vi $500 FT/SEC
6,p -0.326351 X RAD AVpy 0-+T7,200 FT/SEC
N 8.53984283x10"° RAD/SEC AVppopn 1 0-+7,000 FT/SEC
t 0-9,999 SEC AVppomn o 0-+7,000 FT/SEC
EP -1 -+1 - Mro1 798.35 SLUGS
Eq -1-41 | - Mroo 264 .45 SLUGS
E_ -1-+1 - AV, 0-+7,000 FT/SEC
o, -6.3-46.3 RAD Vapa 0-+T,000 FT/SEC
L.,,.,,) Mo,sNias -1-+1 - IxOl 17,504 sux;_mve
t‘,z,sa"":,m 5 N'. . -1-+1 - IyOl 19,766 SLUG-FT-
AM,  oAMy 0412 SLUGS oo 18,989 SLUG-FT*
AM. ,AM, O0-+12 SLUGS I 19 SLUG-FTX
Jy+  Jy- xyOl
AM,, AM,, 0412 SIVGS I -191 SLUG-FT*
Jjz~- yz0l
AMp, AM,  0-+16 SLUGS I ol 53 SLUG-FT°
aM_ 0-+460 SLUGS I, 4,738 SLUG-FTX
AM_ 0-+140 SLUGS Lo . 2,935 SLUG-FT°
oM, 0-+460 SLUGS Iop 4,083 SLUG-FIX
AV 0-+14,900 FT/SEC I -11 SLUG-FIF
TR xy02
I, 300 SEC I -8k SLUG-FIF
J yz02
I 305 SEC I 232 SIUG-FT®
SPm xz02 FI‘2
Iope 306.3 : SEC (dr-x /mT) L 22.0278
MRCS 0-+16 SLUGS (dry /dM.T)l 2L ,25805 P'r‘2
MoRCS 16 SLUGS (dI:z /dMT) 1 19.701915 FIP

rerort LED-5T70-8
PATE g March 196k
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Symbol Range Units Symbol Range Units
Av 0-+8,000 FT/SEC (AT, /8y, -0.0k13k FI*
INA 0-+7,200 FI/SEC A dy, 2.1758+103 PP
oY, 0-+8,000 FT/SEC a1, /@, -0.202350 FI*
(dIi/dN&)g 15.66941 FT* Yra - 0 FT
(T /Py, 4.87658 FI? T 0 FT
(Tz/Mpyo  19.491399 FIP Xn 20.5 FT
(Vg /0 0 FI° Yo +5.0 FT
(4T, M, 0 FIF Yoo -5.0 FT
(dez/dMT)z 0.022438 FI¥ YT3 +5.5 BT
Xoa 13.59160-20.45 FT T, -5.5 FT
Yoo -0.008333-+,01667 FT Zny +5.5 FT
Zog -0,04167-40.24167 FT Zno "-5.5 FT
Xag01 15.59166 FT Zng +5,0 FT
Yoco1 -0.008333 FT Z), -5.0 FT
ZCGO1 -0.0k16007 FT *] +6.3 RAD
Xocop 20.45 FT Y $1.5 RAD
) 0.803233 :: ¢ . i2.3 RAD
(:,c%";’jm . -5.7i1h£5380+1o'3 FT/SLUG ';A ;1 ; :E
(eq /m:;l 1.813+107° FT/SLUG ¢2 +6.3 . RAD
' 1.087898+10™% FT/SLUG - 1.7282388+10%%  Fr3/sEC

(%e Mp)1 " My = Gy
(o /My 6.2328+10 . FT/SLUG 1,‘,,lrm,,,,,fn,,z"r 11 -
( gg/dMT)2 -6.2328x10 X FT/SLUG O +6.3 RAD
(Wi /My 8.7262528x10°7 FT/SLOG Y, $1.5 RAD
Xom 13.79166 FT P +6.3 RAD
Yo 0 FT

2 0 FT

Xra 19.58333

REPORY
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APPENDIX D

PTTCH PROGRAM DATA

GAEC IMO-500-101 forms the contenf of this Appendix and contains agll

Pitch Program Data.
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DECLASS 12 YRARS
RUMMAN AIRCRAFT ENGINEERING CORPORATION
IEM ENGINEERING MEMORANDUM
IMO-500-101
11 October 1963
693-041
- ™M
From: L. Weber and D. McCabe, Dynamics - Systems Engineering, x1461
To: D. Wieman H., Wolf P. Munter
A. Whitaker E. Baird G. Scheuerlein
R. Beadle L. Tucker J. Marino
R. Kress H. Rothstein T. Haggerty
R. Fleisig . Buxton, GAEC Houston Rep. S. Chomak
F. Doennebrink dpﬂi. Lewin R. Smyth
H. Sherman T. Kelly/C. Rathke H., Burri, RCA
P. Kelly F. Kratochvil J. Russell
K. Speiser W. Schoen E. Stern
G. Sullivan M. Olstad Data Management
C. Witt, Jr. LEM Project File
NASA/MSC Personnel via J. Small, RASPO:
J. Small, RASPO D. Gilbert, ASPO
J. Sevier, ASPO 0. Maynard, ASPO
.T. Skopinski, ASPO D. Cheatham, STD
C. Haines, ASPO
Subject: FIRM ABORT TRAJECTORY DATA FOR THE LINE-OF-SIGHT ABORT TECHNIQUE AND

CORRECTED DATA FOR INERTTAL ABORT TECHNIQUE

Reference: (1) LEM Engineering Memo IMO-500-95, "Data for LTV Abort Simulation
Program", dated 27 September 1963.

SUMMARY

This memo presents the firm abort trajectory data for the line-of-sight abort
technique for use in the LTV abort simulation. In addition, corrected data for the
inertial abort technique, are included.

LINE-OF-SIGHT TECHNIQUE ABORTS

Reference (1) presented firm inertial and estimated line-of-sight abort
procedures and trajectory data for the LTV abort simulation program. Tables
(1) and (2) of this memo present the firm line-of-sight trajectory data. In
addition, two modifications of the IOS abort procedure discussed in Reference
(1) will be defined below:

(1) Descent/Ascent Engine:

The abort procedure, when the descent/ascent engines are to be used is
the same as denoted in reference (1) except that the descent engine throttle
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is set,for all abort points, to produce a thrust of 6,000 lbs. This thrust
level is held constant until either descent engine burnout or staging occurs.
A lower thrust level for the descent/ascent cases, for early aborts, is
necessary to satisfy radar look angle and desired burnout altitude constraints.

(2) Early Aborts:

In early sbort cases, an 18-second roll through an angle of 180° is
necessary, prior to the pitch rotation, to satisfy radar look angle require-
ments during abort ascent. During this 18-second period, the inertial pitch
angle is held constant. 1In more detail, the procedure for the ascent and
descent/ascent engine abort cases are noted below:

(a) Ascent Engine:

At abort, the vehicle is rolled 180 deg. (from belly-up to belly
down) at 10 deg/sec. roll rate. The vehicle is coasting during this
18-second roll period. The vehicle is then rotated, at the 10 deg/sec.
inertial pitch rate, until the required LOS elevation angle is achieved
(El). The ascent engine is then lit and the procedure continues as
discussed in reference (1).

(b) Descent/Ascent Engine:

The same 18-second roll procedure is followed. However, during
this time the descent engine is operating at 10,500 1b. thfust. At
the completion of this roll maneuver, the descent engine is then
throttled to a thrust of 6,000 1lbs, and the pitch maneuver to By
performed. The remainder of the procedure is the same as that
discussed in reference (1).

INERTTAL TECHNIQUE ABORTS
Certain errors were discovered in Tables 1 and 2 of reference (1). These
errors were corrected and are presented in Tables 3 and 4 of the present memo.

For ease of determining which values were changed, all changes to Tables 1 and
2 of reference (1) are underlined.

LW:J1p
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TABLE -1

——

FIRM LINE OF SIGHT PITCH PROGRAM ABORT
PROCEDURE AND TRAJECTORY DATA

ASCENT ENGINE ONLY

ABORT POINT ! 2 3 4 5
A. ABORT PROCEDURE 70 BURNOUT
/) AT ABORT (POINT O%):
Ta , SEC. 40. \ 0. 2%0. 190.4 | £10.47
g, De6. \@1.8624 [ 11677023 | (65.5611 | 1\30\2IL | 90.|2%0
AV usepy, FT/Sec 5S4\ 72201 | 1271.82010| 40622 580 (,003,851% olo | 8257
AV 1o Goy, FT/SEC 195773010 5%49.201Y 51002615 5115445 61011352
2) AFTER ROLLING 180°:
7, sec. 5%. V119 . [NO RoLL | NO RawLu| No Rout
o, D&§. x RN 2624 | 116,77032
(3 AFTER ERECT/ON CPOINT [) :
£, , Dee. -53,428) |- 41211 22.2151|9%,4428|22.5160
@ AT FOINT 2
4 ,sec 17110\ 514 (9.5407 | 200, 840\ | 298 . 1455\ 3334
AV useo, , FT/SEC. 2007 1260 5321.1914] 4282,1 197 0\ .BAg 1111 8184
AV Togo,, FT/SEC. 142147151 | \ 184 4418|4941 14| 5101 226 ) 5546557
(5) AT POINT 3
E, , Ds6. 14\ (B [VSO2% 1| 154,213 |161.6288 | 47,5718
(6) AT BURNOUT :
Zgo. 5 S&C- US1.5370 [ 127,267 ToB.22%6| 126,021 0] B4, 2246
AV useng,, , FT/SEC 498,601\ | M1 1LLAZY 24 4R 1923 et 50
AVToqo’FT/SEC .0 ©.0 .o Q.0 .0
B. ABORT PROCEDURE FOR
TRANSFER_OQRBIT INSERTION | !
ay AT INITIATION OF THRUST :
7, ,sec 300,519 2255 A15( 1055, 2084 234 22N
£, FT 1225435 IDOSBN. | D24BEL, 2B458.
E,, D6 -19.619% ~62.51NY \10.2080] | \e.\BT
AV usepy , FT/SEC %998.(0 1| 2124 427\ 111191824 12164 .51
AV ToGor, FT/SEC |A0 , 000 %, . Soad \\© . 6000 |V O. 0000
(2) AT TRANSFER ORBIT INSERTION -
?}- , SEC L2420 22U 4550 \O%-%Tq 35| 44N
AV used; , FT/SEC 268860\ 9201.921(\ (282,214 12814.571|
AV1o 6o; , FT/SEC 0.0 0.0 o.0 0.0
C. TRAJECTORY PARAMETERS :
a> AT BURNOUT:
hgo , FT 100 ,000. [ 5,000, | NS,000. | F2,000. | 50,000,
Vgo , FT/SEC 545795 542,403 | S4(2 493 S4B).,28| 5481 228
¥ go » DEG ©.0 0.0 0.0 o.0 ©.0
OB po» DEG 4.8226 (145187 | 8.0101 | 11802 | 1458¢
ORgs > DEG 10,2108 | B.03|-1245 | -2, 2Lk0| -1 S 251
(2 AT INITIATION OF TRANSFER
ORBIT INSERTION THRUST :
h‘r JFT 100,c00- NS,000. |50 ,000. 50,000,
Vr » FT/SEC %5 (DY | 3409983 S4R|. 218 | S481.228
YT,DEG o.0 .0 oo .0
OBy » DES. L. 598\ BN B2 |25 1L | 20 230
ORyy DEG L. e4sL @ 4 -] 1295 -1 196D
L -t - -

X 2 NexT PAGE po&ﬁ LONATION-OF cR (TICAL PO'NTS

¥ s NEXT PAGE (oR. DI\RECTION) oOF
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TABLE -1
FIRM LINE OF SIGHT PITCH PROGRAM ABORT PROCEDURE

AND TRAJECTORY DATA -{(CONT.)

ASCENT ENGINE ONLY

ABORT POINT / ? 3 .4 5

C. TRAJECTORY PARAMETERS(CONT):
(3) AT TRANSFER ORBIT INSERTION -

h; ,FT 29992.7 74 996.3 | 499984 | 49978.8

Vi s FT/SEC 5647.485 564 978 | 5591324 | $59/. 334

8, DEG. .0008& -.00/ -.00/8 |=.0008

0%;, DEG. 1.1.50% 91.6434 | 26.0083 | 82.10156

Oh . , DEG. /11.9/58 &.509 | -737 |-73480
@) AT APOCYNTHION OF TRANSFER

ORBIT : hy , FT 984, 592 870,47/ |538,85 |535,868
(5) AT RENDEZYOUS: |

7R, SEC. 6140145 "RO0 GHW| 5374506 6614 Lo\

OBg» DEG 22049%3 BELORSL|Z4 1. 2981|205, 137

(6) DURING TRANSFER |
08 .~ OB; » DEG. 2132425 264.44\3| 215.9898| 215,266

€%/ 120 I/
> 29vd

10/ -00S-OWN7

*
NOTE. ¢
REGION (041), B=-\0,  ABET PTS.\\234,5
REGION (2,2), ©=-)0°%gc ABORT PT4.2 4.5

= 10%gc ABORT PTs. |14
2

¥ © = INERTIAL P\TCH RATE,
FOR ABORY PTS 1,872, PwLOT

L PATCH RATE (% | 19 EQUIVALENT
T TO -©& DUE TO \80° ROLL.
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4
!
|
|
!
|
I
|
|
|
|
1

. o~ TIME
% t, Tga
DESIGNATION OF CRITICAL POINTS FAR PITCH PROGRAM
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TABLE -2 ¢
FIRM LINE OF SIGHT PITCH PROGRAM
ABORT PROCEDURE AND TRAJECTORy DATA

DESCENT | ASCENT ENGINE

510 .41
90.1230
ok 1.835Y
1233.1648

NG RoLL

52.-5100

547 9561

ABORT POINT ; ) 2 ,' 3
C _ABORT PROCEDURE To BURNOUT | |
. U) AT BURNOUT (PoINT O %) ‘ *
t4, SEC. 40. | 1o0.
84 , DEG. 1218624 ' 1776.M0%3
AV LSEDq , FT/sEC, 541.71921 | 2371 8210,
AV To God , FT/SEC 245471660 5018.11%0
(2) AFTER WOLLING 180 ,
t SEC 58. \18.
3) A’E:’T?ggt?ecrno’z*(%m‘r 1) ' B7.BLH | 767033
E,, DEG -52.1014 |-27.018%
@) AT POINT 2%
t,  SEc 21037132 483. 2069
OV UsED, , FT/sEC 20272 .20\ 61762701
AV To Go, | Wsec B1BBOSO| 11230299
J) AT POINT 3.
E2 , DEG 155.1289 | 16226
(6) AT BURNOUT:
tg,, SEC 198.1146 | Sk.6\0B
AY useEPg, , FT/SEC 1996.05\ 15|92 .2409
AV To Gog,, FT[SEC 0.0 ©.o
B _ABORT PROCEDURE STAGING |
AND THRUST DATA: g
(1) STAGING DATA:
AY USED, AT STAGING, FT/SEC, NO stRaING | 4000
AV To Go, BEFORE ITAGING Fi/sey  ~ ©.0
ts, STAGING TIME, SEC - 557 .7002
AV To Gog ,AFTER STAGING FT/SE(  ~ \\D. 8402
(2) THRUST DATA
Ty, THROZT AT ABORT, LEBS, 10, Svo. | 18, ¥00,
Lo, Timi To CuT THRUST SEC 58 178 .
AU USED, AT THRUST CuT BAk Flked
Te, VALUE OF CuT BACIC THRUST, LBS,| €000 . £h00
C ABORT PROCEDURE FOR TRANSFER
ORB\T INSERTION
() AT 1NaT1AaTION 6= THROUST ¢
tr, SEC 1819383
P | RT |‘7_95)m_4.
Er  ©E6 -7%.63.8
AV ugeDy , FT/SEC 12206 05|
AV To GO0, FT/SEC \ 90.coca
'r, THRUGT‘) LBS 10,500,
(2) AT TRANSFER. ORBIT INSERTION .
t;, sec 106%.1489
Qv vseD, , FT/s€EC 2\ 51
AV To Go; |, FT[SEC 0.0
T, , THRUST, LES |o,S00

55,1451
| 244 543

;9\.@1'1
}8@9-134

12722 .08
0. O

"4 00.0
.0
558 445

5322 0’1

GOOO -
510.47
(401 . 3352
aueD o,
|

1389 .0082
284,624
iHns. o057
\212 .07.81‘
110 .6000
2,S00.

2294 582

\72332.6181
©.0

2500.

# SEE NeXT PAGE FoR DESIGNATION oF CRITICAL POINTS

¥ Sew NEXT Phee FOR. PIRECTION oF PITCH RoTATIoN O Reavired K,
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TABLE - 2 (ConNT)
FIRM LINE OF SIGHRT PmMCH FPROGRAM
ABORT PROCEDURE AND TRAJECTORY PATA

v

of3

CENT JASCENT ENGINE

ABORT FOINT f | 2 | 3 s
D _TRAJECTORY PARAMETERS : ;
(1) AT BURNOUT: }
hgo , FT. 100,000.| M5,000. 50,000.
Vgo , FT/SEC 5457.695| 5462483 5481.228
Ig, » DEG ©.0 ©.0 | 0.0
0 8g,, DEG. 51847 15,8611 8.0351
0Rg, , DEG. 2.59110 i ©.6\5% -\6.0\16]|
(2) AT IN\TIATI 0N OF TRANSFER |
ORBIT INSERTION THRUST: ;
ho, FT. 100,000.; 50,000.
Vr, BT/S€C, 5451 695 5481228
Jr, DEG. 0.0 0.0
0p,, DEG. 30.2019 91.0462
0ry, DEG. 1.8470 -1.2900
(3) AT TRAMVSFER OFI3IT
INSERTION '
h; , FT. 229925 49,298.8
v, FT/Sec 5641.689 5521.321
g, , DG -.00\\ .000 |
dg;, DEG. 3032 1.2\
a®; , DEG. 1W.2122 -1. 3661
(4) AT AP6CYNTHION OF
TRANSFER ORBIT.
hg, FT ) D4 Gk, 588,865, [ e
(5) AT RENDEZVOUS
te, s€EC, 59\ 5189 6525002
08g, DEG 304 .0249 3071.LR0
() DURING TRANSFER
Ogp- 0B, PEG 27322\ 2152511
€ AV UsED,
AY Togo, AV USED g,
O : AV|T0 GOBD
|
£, |--M |2 i note + ¥

|
|
|
td tl tS tBo

DESIGNATION OF CRITICAL POINTS FoR PITCh PROGEAM

SONFPENTIRt

> TIME \5

|
|
Ty :
Eplem — — 122§ 4 REQION (15), 8= -10%4ec KBRT PT. &
|
|
|
|

é“ \O,°/$ac ABORT Prs \,2

¥ O = \NERTIAL PITH RXTE,
FOR ABORT P15 \,d 2,
\LotT PITen RK\'E)%—,

\S EG_.H\VN.ENT'
T0 -© PUE TO
\30° ROLL,
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TABLE
INERTIAL
ABORT FPRo CEDURE

3
PITCH

PES

PROGRA M

ASCENT  ENGINES ONLY

AND TRAJECTORY DATA

ABORT POINT I Z 3 < s
A. ABoRT PROCEDURE T® BURNOIT:
(1Y AT ABorT (PoINT o )WW
1, sec. 40 (6O 296 290.4 S(n. 47
6., PEG 187. 8624 [176.7033 [165.5671 |1\30,12]2 | 90./230
AVusep,, FT Aec 541.2991 |2371.8270|4623.5296 |6003.8579| 66 61.8352
A Vi 6o, FT/SEC \TS\.2560(29/5.6250 | suyq.4300 |5840-8920 |5663./2/0
@ AFTER ERLCTION (PoINT 1)
S, ves. %0.0000 | 90,0000 | 96,0000 90 0u%0 | 30.0600
3 AT PoInT 2
., SEC. 106.2405 | //9.8905 | 355.044d | 407 7836 | 530.90/0
A\/VSEDU FT/se¢ \318 ,204°[3074.4358 |5540.0837 |&/87.19/3 - | 4fog. 7929
AV GO, FT/sec 974.28\1 |22/12.8168 |4504.0459 |$687.3586 | 57441633
@ AT PoinT 3,
6, D6, =15, 9165 | 1,428/ 21.7703 |26.2927 | 2¢.4934
(&) AT PoiNT 4.
t,, Sec. VS4. 9321 [273.8163 | 392,6477[429, 5581\ |45 6287
AV ysep,, Frisec 20412991 | 2871, 8270 6123.5294 | 1503.8579 |@1¢1. 8352
A\/WGD’_) FT/SeC 251,2560| /4/5.4250 |3R.bdoo |4340-¢730 |43£3./2/0
(6) AT POINT 5
e, , PG . -8S,9168 |-fo.579 | 9.7703 | 42927 | 44924
(7)) AT PoINT G
t,, T — — 4%2.9488 | 8% .85%1 | 705.9294
AVysep, . FTIsec — —  [|Te2%. 3256|9003 2579 966 18352
3) .
4V 6, FTAEC —- — |2 bdoo | 840-6920 9003 12lo
&) AT poinT 7
&, PeG. — —  |-a.2297 |a.39a7 R 4924
(" AT PoINT 8.
1, sec — — | 560.4997| 66T, 4101 | 783 .48a%
AVuser,, FTTsEC — — | 9123.529¢] 10503857961, 8352
A Vrugo, Fr/secC, — — | 9424300 |1340.4920 |/383.12/0
&y AT PoINT 9
&,, DLG. — —  |-/3.2297 |:87078 -8 557
(AT BURNDUT ¢
The , SEC. 1,03 | 35939 |&o3.5kea | TR7H4/0° | g45.2500
AVwebBo 5 ETAEC 2292.553) | 5287452 | 100bb. /1494 118445997 | 1a544.9564
AVTDGOBO,FT/S":C ©.0 0.0 0.0 ©. 0 S
B, ABORT PROCEDURE FOR.
TRANSFER ORBIT |NSERTION !
(D AT INATIATION OF THRWAT: . , T U NN I
T sec. BOL, 10719 | 494.8334 |2398.7542 | 1056-88¢5 |2/95. 4098
8, ee. -23. 4263 |-/3.0072  |-/o5. 94¢Y  |-26.2/37 |- 8/. 8842
, FT. 295, 485" | 788 61" | 789, 587 | 84,586 | 84,598
Avuschr ,FT /seC. 22932 ,5851| 58795 | lodd. % |11 844.5479 | 18644 95¢s.
AVT""“U FT /s€C 190.0000 [\1%.S000 | 78,8000 | 110, 0000 | 110,0000
(&) AT TRANSFER ORBIT™ |NSERTION ;
T, seC. 813.0179 |504.9834 |200d.2362 |/106/-4545 |2200.1598
AVysen, Friec . ZABL.SSS\ |$440.952  |/0239.6796 {1185Y-5499 (/24549544
A\/To @ 0; ©.9° 0.0 9,0 0,0 =, Q

FHFYsce NexT PAGE

PR BESIGUATION

OF  CRITWLAL POINTS,
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APRBORT PRoCEDURE

FIRM

—— et
L

Trme 8 (conTinueDd D

INERT/AL

PITCH

PROGRAM
AND TRAJECTORY DATA

ASCENT ENGINE  ONLY
ABORT PoINT b 2 3 < s
C. TRAJECTDRY PARAMETERS
(1> AT BURNOUT |
h”) T (00700'0 ’ISIOOO 75,000 SOJOOO so)uoo
\40) FT. /seC. 5457, 695 | 5469.483 | 546:9.9832|5481.328 | $491.228
X,u} TEG 0.0 0.0 0.0 v, 0O Q.0
U, pee -,4716 | 4783 7.90a | 77748 | 1755
T, &6, 2. 11S | 57220 |-3.0785 |-9.2¢75 |-1=.0%a3
(2) AT [NITIATION OF TRAMFER
ORBIT INSERTION THRUST?
”\‘.) T \00,000 15,00 ’(5)-:)'3:_. O LGOS So)ucu
V.., FTAeC. 5457.63€ | 5469, 483|5969.483|5481.228|548).22.8
(UDEC-,. ©, 0 o, O, © 0, G 0, o
Gg,, PG 22.4863 | /2.2070 |/lo&5.281¢ |25 737 | 8L 484&
Tk, PEG. 11.84s¢ | 0. 4525 | G 4624 |-7.239% [-1.3%63
(3) AT TRANSFER ORBIT™ INSERTION:
h,, FT 99992.7 |14 954.9 |74,994.3 | 49998.6 [49998.8
VL) FT[SEC . S¢47.685 |s6472.979 [S6492.978| 5 9/.32¢| 559/.32¢
Yt; DEG . L0008 — . 0o ~colé -.0o8S - 0c0%
Ta,, pee. 23, 1390 |/4.7395 | /05.4934 |26.0/5% | 81,735\
Ir., DES- W.9158 | ©.S121 | 6.S09G |[-7. 37N |-7.%680
@) AT APICYN THION) OF TRANSFEA
ORBA\T !
"\q) =T 134 S92 £70,671 270,67/ 5’355;( 535,865
(5) AT ReNDEZ VUS| |
t., ST 46A40.7519| bo¥3.5534 | 7943.4773 | 53350485 [4443 3/38
qv PEG . 206,815 | 277./58¢ |370./35% | 24d-005% |297.70/3
(6> DURING “TRANSFEN |
Tep —Us; ) PES. 2732425 | 264, K| | 2% HHB | 215.9898 | 215, 9662
Voo, Aocs, AVng, 2V @,
O Mo, aVio, 2Vo,
l\o l ' ‘ AVTOCm

PLESIGNATION

FoR

P TCH

OF CRATICAL POINTS
PROGRAM
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TABLE 4

FI1RM
IBORT

INERTIAL A~ TC/
FPROCE DURE AND TRAJE CTORY DATA

DESCENT /ﬁs CENT  LENGINE

/2L NM

ABORT  PoINT / < 3 - 5
A ABOPT™ PEOCEDURE TD BUBNOUT:
(1Y AT ABoRT (PoinT O X))
-tg' , SeC 40 l6O Z30 PI0.4 s10.47
&) , Ye6 187. 8624 | 176.7033 | 165.- 567/ | 130.1212 | 90./330
AVisep,, TT/Sec 541.299) |237/.8270 |4623.5296 | 6003.8579 | 66618352
AV 6o, FT /seC 1648. 8 | 3030 170 | 277¢ Ayl 1376 1% | 125 16
() AFTER ERecTioN (PoI1NT 1)
© , Pre. 70 70 70 70 70
\3 AT POINT R
t, y SeC 77 5053 200 T6¥8 | 329 Lyu( | F95. 215 | $77.2039
AVused, , FTAC 13774794 | 3081. 175D | 5358.0855 |6//2.5625 |674].8430
A \A‘ou' )FT‘/SECL /00, 7677 12220 007D | 20%1. 1145 1257, #5751438.1570
(@4y AT PoINT 3:
6, , »e6. —66.9435( | ). 12946 |23, 868 |27, 5/53 | 2 270/
(&Y AT POINT 4
t.  sec /40.0845 | 2¢3. v527 | 522, 3776 | %5 JuL |63 . S5T
AVysep, , Fr/sec. 204/, 279) | 387/.8270 | £/23 526 | 7503 579 |&1(/. 832
A Toav, Fr/sc u8.7¢50 | ys30.0700 | R7C. ¥ |4313.788] (425/.0/88
(6 AT POINT &
G., Do —78.498 | —1C.s70% | y1. 76687 |45 w53 | 14870
(7 AT, FoINT , L
3 sic —_— 326 b33 | ¢ay. mssT | S¥6.77 | 710153
AVuscn, | Fr/feEC —_— §37/. 5270 | 76 23.5296 | 7003 §57F |766). 8552
4AVr 6o, ET/AEC —_— 30. /1710 | 2403.378¢ :28/3.788) | 2%/, 0/88
Le) AT %ch"" br 121 - | ! S NSRS Y T
93 J De6. — —22.97¢y | —. i35 | 30153 2. 5708
(" AT PoINT 8
Ty, SeC. — —_ 5©7.2/38 | ¢S 31S | 794 %6
A\(Usﬂ)v ,FT/S&T . _ — 9123. S296 | /90,503, 857N//,16/. 352
AVro go, , FT/EC . — — 703.3 754 | 13/3.788/ | 13670188
(1Y AT PoINT 9
Oy, PG, —_— —— | ~tt395| =7 P8¢7| =8./292
()Y AT BURNOUT ;
‘tBo , SEC. 16/.2500| 327 /500 | 44/, 7600 | 253, 2560 | § €0.2520
AVsepy, [ FT/seC 2290. 2071\ 5%/, £9F0 | 10,026.9080 | //,8/7.6460| (2,522,8540
AV gog, , FT/%C . © o O O o
B. ABoRT PROCEDURE
STAGING & THRUST DATA .
(1) STAGING TDATA :
A\Z;sgb AT STAGIN G)A\(,@S, FT/seC [ A0 STAGINVG | Mo STRE WG TYoO 7400 7400
- AVr o BEFORE STAGING FT/sec | — - © o o)
STAGING TIME, ts , SEC. — — $7. 740 | FOF 34 | 558.4578
(=
A\/-ro(,o AFTER STAGING, A\/Toaos,/ﬁl - —_— 2626.9080 | ¥4 ¥/ 7.64é6 | ST22 . §5Yo
(2) THRUST DATA !
THRUST AT ABoRT, la,LB. | /9500 | /(9,400 | /O 500 4000 6000
TIME T CUT™ THRUST, T, 56 w0 corsack | 2976459 | 297.53l0| 320-¢ 47047
AVised AT ThRUST CUW,E — 5000 s000 5003.5?;7 666 7. ;‘35*%_
VALVE OF CUMKTNT)'TZ,LE — 6000 6000 6 000 6000

J S NEXT  pPAGE
¥% THRUST IS REDUCKD TO 6000
' AT ABORT.
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TABLE 4 (Con
NERTIAL

FIRM

Pt7rcH

—— .—

TINUE
/RO

D)
G RrAM

ABORT PROCEDPVRE AND TRAVECTORY DATA

DESCENT /ASCENT ENGINE

A BorT™ PoINT / 2 3 < o
C ABoRT  PRoCEDURE For
TTRANSFER ORDBIT INSERTION!
(1) AT INITIATION  OF THRUST
tr ) SeC. Stz 1130 | 2873247 |29>7.97¢ |/ivB 3777]2332.95/2
91"; DEG . —-33.9785F | =7.92¢5 |~/L3.T%27 |-28.7572 |~53.7//0
S+ . FT. 215634 | 78¢,4577 | 787, 572 | e84, 940 | Buy, 2y
AVUSt“D-,- ) FT/seC 23702970 | s¥1 7900 | 10,026.90801 11,817.¢4bo |12, s 22,8540
s\ &0 Frhiec . {70 000 173.5¢ 175.52 J1v,000 /10,000
THRUST T+ , LB lu, 500 . § 000 , 2520 . 2w 2500 .
(3) AT TRANS FeR ORBIT INSERTION
‘L'L ,ySeC . B23. 230 | %00.5HT7|2Y67.43¢49 | /1% ./S77 | 2237,87/12
-’-Nus»sb;_ ) FT/Sec . 2¥B0. 47| S$75" 4150 /0,199.4080 | [1,927. 64601 /2,632 &5Ho
AN ev; | FTIs€C o o o o c
'TH'RUS'T) te , LB /u, 500 . 6000 , 70 . 25D, 2500
D TRAJETTURY PARAMETERS!
UY AT BURNOWT ¢
hg , ©T /09000 | 757000 | 757000 | $0,000 | 58,000
Vi , TT-AeC. 57 6057 | 9. 403 | sws 9. #93| SHBr 328 | sy, T2y
(T , PG o © © <« o
VR 5 » DEG. -2.0852| | 3.¢69% 2.66/2. |8.893C | g, 347%
q;_'.” 6. S.615€ | ¢.1170 | =3.7779| —2.4/,°8 |=/s"/787
(2 AT (INITIATION OF TRANR
ORBIT |NSERTION THRWAT !
T, FT twyooo | 757000 | 7Sovo | sQ w0 | B0
V) Frisec SHS7.69S|SW7, %53 | swi 7. 93| 5 8/.328 | K/ 328
)r.r) G . o (& o o o
T8+, DG . 33.0260 | 6.52¢8 |rg. 1427 | 28. 30| &2 3110
O’i,."D@c . /1. 8¢70 | 6. %282 | g.v520 |—=7.%co/ |—7.3 %,
(3) AT TRANSFEK ORBIT INSERTION !
h. FT PP P28 7K 271078, SISO 5587 | w3, 7L
., FTfseC $47.489 | sTr  INB|THL.57F | SEV/. 327)| sTH 327
¥ TG —.00/ | — 0005 | 005" | —0003 |, 000/
B. , Dea 33.6¢0F | 7.55719 |/08.¢613 |25 ST | G758l
V—R;)‘DEG, /119732 | 6.5056 | ¢.S /3¢ |~7.3¢73 |~7.36¢/
\4) AT APOCYNTHION OF mwsr‘eq.
ORRIT: :
ho , FT 784 c6¥.| B2, 647 | €70, 5¥] |S3S 645 |53, 645
) AT RenDEZvoUS
C Tt SEC. (457, 7030] 6117.5817 | seoy, isBy| £357 1+ 355|2380:763.
Tey , DEG . 266. 30 |27/. 7724 |373. 0875 |2¥ ¥ 5T 2| 275. 5338
o —Dug%‘:i ] *peé.‘:m: 73 z;s! 2 #207 (Zb4H062 T.618 [215.951
: © A\irbeo‘ A\inao,_ ‘ sb;L ‘b\ﬁom“
Avluseb' A Vi),ebl y \/mep, A \/pg‘ny
0"\ 2 A\/s g:f‘l) 2://106030
| P/ N UséDg ,
) I_i o vér l
)
e, | A o
| 7 )
- e
e TS e e
td t: tz. t; 't, 't, 't'so ‘ m

TDESIGRNATLON GF CRiTICAL TOINTS fel BITeH  PReGK AM
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APPENDIX F

CONTROL SYSTEM SCHEMATIC AND JET SELECT IOGIC

GAEC IMO-500-T79 forms the content of this Appendix and contains the Con-

trol System Schematic and Jet Select ILogic equations.

reront  LED=5T0
DATE 9 March 1964

GRUMMAN AIRCRAFT ENGINEERING CORPORATION



ATRCRAFT ENGINEERING CORPORATION

LEM ENGINEERING MEMORANDUM

IMO-500-T9
2 A t 196
From: P. Kelly, Dynamics - Systems Engineering, x1331
To: LEM Distribution Lists "M" & "N"
. Baird - C. W. Rathke/T. J, Kelly
R. Beadle (3) A. Whitaker
J. Kmiecik C. Witt
R. S. Mullaney R. Wittman
R. Peters - - H. Wolf

Subject: ATTITUDE CONTROL SYSTEM FOR LEM ABORT SIMULATOR AT LTV

References: (1) IMO-500-69, "Equations of Motion for the LEM Abort Simulator",
dated 17 July 1963

(2) IMO-5T0-75, "Work Statement for Manual Abort Study Simlation,
Chance Vought Corporation, Dallas, Texas,” dated 13 June 1963

Introduction:

This memo provides a description of the dynamic model of the attitude
control system to be used in the LEM Abort Simulator. The control system specified
herein will provide simulation of the dynamic characteristics of the flight control
system with sufficient accuracy and detail to completely satisfy all primary ob-
Jectives (Reference (2)) for the abort simulation. Certein simplifications in the
control system dynamics have been made to reduce analog computer requirements but
control system performance to pilot commands has not been compromised. The con-
figuration of this control system reflects the contributions from and coordination
with the Flight Controls Sub-system Group.

Discussion:

A schematic diagram of the attitude control system is given in Figure 1.
This diagram presents the three axis control system and shows interface with
+ pllot-operated switches, pilot controllers, automatic-guidance steering signals,
and vehicle body dynamics equations (Reference (1)). The operating modes for the
attitude control system are listed in Table 1, and the range of parameters in
Table 3. '

The operating modes are selected manually by the pilot. The Attitude
Mode Switch (Figure 1) selects simultaneocusly for all three axes, the rotational
modes I,A and I,B,1,a and I,B,1,8 which are shown in Table 1. The emergency modes,
I,B,2,a and I,B,2,b of Table 1, are manually selected separately for each axis '
with the three Emergency Switches (Figure 1). The two translation control modes
(modes IIA and IIB of Table 1) and the X-axis response level are manually selected
with the Translation Mode Select Switch (Figure 1).

T




GAEC, IMO0-500-T9 | ‘ Page 2
P. Kelly 2 August 1963

When the control system is put in the sutomatic mode (mode IA of
Table 1) , 1t operates without attitude feedback. Therefore, the guidance steer-
ing equations must form the error angles in its own coordinate system between
vehicle attitude and desired attitude, which are designated herein as @ y %%, )g .

In order for the control system to properly respond to these guidance steering
errors (f, , ¢, ¥ ), a transformation matrix is required to transform the errors

from guidance coordinates into bvody-axis, sutopilot command signals. This matrix
has been designated schematically as My in Figure 1. (Reference 1)

p— -,
g — MS _—’QY
Y ——)-V/‘z

_ The logic equations which state the conditions which cause each of the
16 reaction jets to fire in response to error signals in the flight control system
are given in Table 2. These equations will be mechanized by solid state switching
networks for the simulator, referred to as the "logic box". The input to the
logic equations is comprised of pitch, yaw and roll rotation torque command signals;
X, Y and Z translation force commands; & pilot executed "high" or "low" X-axis
translation force level selection, and pilot activated Jet Failure logic switches
(located in the cockpit) for each of the four jet clusters , or quadrants, ‘Addi-
tional switches will be supplied on the "logic box" itself for the computer operator
to cause an apparent "fail-on" or "fail-off" for each of the 16 jets. The output
consists of 16 on-off, constant amplitude, signals which represent the thrust
command to each of the 16 reaction jets. Each individual output signal will be
passed through a linear first-order lag filter, the output of which comprises the
thrust of the reaction jets,

The Jet Failuré Logic Switches are operated by the pilot and simulate
the dual function of "RCS propellant isolation” and failure logic command. These

‘switches will automatically change logic in the "logic box".

A detailed discussion of the functioning of the logic equations will
be the subject of a separate memo. In & nominal mode, the logic provides
optimum control torques and translation forces in response to any combination of
simultaneous rotation and translation commands. In addition, for large rotation
error signals above level, e, (Figure 1) it produces a four-jet rotation couple
(smaller error response produces two-jet couples) provided that the rotation
command exists in only one axis at a time. It provides for either 200 1lbs, or

‘40O 1bs. translation force along the X-axis (selectable by switch) if Y and Z axis

rotation commands are not simultaneously present.

DONFID LN
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The logic operating in the failure modes produces rotation torques and
translation forces which are the maximm attainable (optimum) for each particular
Jet failure, except for a few specific combinations of polarity of simultaneous
control commands. Under these particular command combinations, the logic pro-
vides reduced and equal response for each polarity of rotation, An optimum
logic would produce unequal response for opposite polarity of these command com-
binations. There is no obvious advantage to unequal response, (end it may even
be undesirable) and the logic equations can be greatly simplified by restricting
them to equal response, thereby gaining an increase in autopilot reliasbility.
Furthermore, the pilot's task in reacting to jet failures should be simpler
with four instead of eight failure switches to manipulate. Vehicle control
quality is expected to be satisfactory.

The rotation torque commends consist of a train of constant amplitude
pulses of varying width and frequency of occurrence, which are produced by three
linear pulse ratio modulators, one for each control channel. Emergency modes of
control system operation will be simulated by replacing the ratio modulator by
either of the following: a fixed pulse train modulator; a direct on-off signal
- (constant amplitude) from pilot's controller. During control system automatic
attitude hold operation, the system will limit cycle and the modulator will pro-
duce a typical pulse of 6 milliseconds duration approximately every 2.5 seconds.
Limit cycle amplitude is critically dependent upon accurate simulation of the 6
millisecond pulse,

Because of the high frequency content of the thrust of the reaction
Jets, it is anticipated that simulation of the vehicle body dynamics in accelera-
‘tion (angular) and angular velocity (p, q, r) will be done on the Analog Computer.
The control system including rate gyro feedback (p, q, r), attitude error signals ’
‘modulators, select logic, jet thrust, and pilot controller signals will also be
mechanized on the Analog Computer, with extra'Tharaware" (such as modulator, logic
box, controllers, etc.) used as needed.

The translation force commands are received directly from the pilot's
translation controller as on-off signals, or from a fixed pulse train modulator
inserted in serles with the pilot's controller.

The pulse modulators will be physically contained in the overall
modulator logic box. The three rotation modulators operate in the following
modes which are described below:

Pulse Ratio Modulstion (all nominal Control System modes)

Pulse Ratio Modulation (PRM) is & pulse modulation technique
whereby the pulse width (Ty) and repetition frequency (f,) are dependent
upon the nomalized input signal (X). The static characteristics are
defined by the following:

i e W
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T
T, = ¥Min (1)
1-X
1
f = x(1 - X) (2)
p Ty
Min
Where ‘1'w is the minimum pulse width
Min

The static PRM characteristics are useful only for DC or very slowly
varying signals. However, if g signal other than a DC or slowly varying
signal is of interest one can use the dynamic integral equations to deter-
mine the modulator operation. These equations are:

T,
T"mn = f (1 -'X) at (3)
0
L
Twmn = f X at (1)
Ty

The lower limit in Equation (4) is the value of T,; obtained from Equation (3).-

Pulse Train Modulation

Activated by pilot selecting the'manual, emergency, direct
control system mode. The modulator output consists of a train of

pulses fixed in amplitude, width, and”frggggncy, in response to a signal(low level)
output from the pilot's controller. \

On-off

Activated by pilot selecting the manual, emergency, direct
control system mode. The modulator output consists of a continuous, con-
stant amplitude signal in response to a signal output from the pilot's con-
troller.(high level).

X/f1
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I. - Rotational

TABLE 1

Control System Operating Modes

Control

A. Automatic

used for automatic guidance steering
all axes selectable simultaneously

B. Manual

1. Normal (selectable all axes simultaneously)

(a) attitude hold (rate command plus attitude

(v) rate command (no attitude hold)
2. Emergency Direct
(a) Direct: Pulse Train

(v) Direct: On-off

II. Translational Control

A. Manual On-off

B. Manual Pulse Train

Page 5
2 August 1963

hold)



Page 6
2 August 1963

i

. GAEC, .IM0=500-T9
P. Kelly

- {EveTr e s [ B+ D)W T ¢ (WX i) T .wf

Twﬁf W+ Pl + [3fy + 2fviv + (ov + Sv + u&..ﬁamx.._mmxwo + o) %°x L?«
M‘A:<N+w<aﬁwm+ﬁ.m_uw+ﬁu+ NV Ta]ly + S2lz +Amm»+.wmv.ﬁ<,mm

Tu«. ++ e F s .vaﬂ.mm (e w ty

?? + Ty + P03 + [T+ Wo% + (W + v+ 0% ]+ (B + Fl)vx w Sy

J (v + %+ )i+ [V + (WD + S0 J% + (Wox + WiR)s

Tfmn,f viz) 1% + ﬁm.u»,fﬁa,f T2)ix%a ] W + Talz'd + (1% + .w&:«wf

. W,ﬁ.<+.ﬂ<+ a+ %+ muam,fd.,...n»,;ﬁxmm.q

M.A?. sy +o)aox + [ + (v + mu..navfumm + (Wix + Wixh) w v

{(hv + S + Pl + [P+ ST + (v + v + o)k T + (T + B &

T:«wn + W) xTa + [’z + (%2 + )iz u.<+ 2%%x + (5a%1 + .wmvm<‘w.ﬁ<

- ~h+.<+.<+ e+ (% + 2%+ (Tx SN.T«.

?m«. sy Po%h + Byl s Wi+ v s TR P s (o - ...ﬂmw.ovmﬂu m T

[t st ol o [5+  + Telo) T + (o i)™ |

NOTIVINWIS THOEY W1 ¥OJd OIDOT IOJTES JIdL NOIIOVEM




Page T

‘ -2 August 1963

GAEC, IMO-500-T9
P. Kelly

QqpPpUe 8 =qX®

QI8 =0q4+ %

‘g JI0 y woyshs
03 JJoanys guerredoxd seqByIssedsu 9o 9U3 U 2INTTBI JSUYJO SWOS 2SNBOSQ IO ‘U0 SHOTS
79 ® asmEoaq JSY3FTS USATE 8q UBD PUBWOD O = .n< 9y, °T °PENP® JOJ PUBMMOD 3aNTI8I 38f 0 = 'Y

AL ‘III ‘1T ‘1
*pend sSSTITIUSPT ‘T ‘3dixosqns aasys T °pend YOBD UT g Wojzsds pus y woyshs ul s3of oIqeuy T = 'Y
9 vrousaruppg) 0 = “a 49 proussruz< [P/ 1 = a

b
vmﬂoaméx»&o = "¢ 39 proussauz< / u.w\ T=da
(uot3e301 I03 £39f 2) “O PTOYSAIUTL > [ ..\w~ 0 =
(vot3wiox a03 s39f ) O prouseyp < (%) i1 =
*sqT 002 °Tqeug 0 = D ¢X BuoT® *sqT 00h STA®W T = D

‘0 I0_T JO SnTeA =AY SSTQULIBA TTY

‘0= X Usgs T = ,X oTdwexs JoJ {UOT3TPUOD 30U ® S978OTPUT STQRLIBA DOWLIg sqdixosxadng
. *LreATqoadsax
‘U0 T3ETSUBIS IO UOTFBIOI 9AT}EISU pur ‘UOTFETSUBIZ JO UOT3E}0I 2AT3Ts0d saqousqg t2 ‘T 3drIosqng

*AreaT3oedsax ‘sexe 7 ‘x ‘Y qnoqe pusumo) snbiol, uoi3eioy T =Y ‘T =9 .n = g
*ATeATgoodsax ‘sexe 7 ‘X ‘Y SuoTe pPUBMDD S0J0F UOTQEISUBI], (T =7 ‘T =X ‘T =X
9T === 2 ‘1= 39f . f T07 puwmm) 3snayy = 1

- sageuy
Ta«mm + & Nvm»mm v [Talz'z + (%2 + 2)%% )% + Salzglax + (Ta'z + Sla)% w:« = 9%

?.4+H<+ a+°x+ vam+A. .w+m$mu,w: = STy

NOIIVIIWIS THOEV WI1 804 01501 DTS Il NOIIOVAW
(P:3900) ¢ ZTAVL




TABLE 3

ABORT SIMULATION

CONTROL SYSTEM BLOCK DIAGRAM PARAMETERS

ufﬂ

Note: 30>D, o p>10

X/ap .

0.1
0.1
100
100
.02

ool

10

Range

1.5
5.0

800

100

Page 8
2 August 1963

Units

-Beconds

Degrees
Volts/Degree
Volts

Degrees

Degrees/Second

Seconds

Pounds

Volts
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APPENDIX G

ABORT - TO - BURNOUT

POST TRAINING RUN SCHEDULE

TABLE 1
( INERTTIAL PITCH PROGRAM)
ENGINE ATTITUDE ABORT
RUN NO. CONFIGURATION DISPLAY POINT
1 Ascent only Error needles 2
2 Descent/Ascent Error needles 2
3 Ascent only Error needles 2
L Descent/Ascent Error needles 2

serorT TED-5T70-8
pate 9 March 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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INITIAL CONDITIONS FOR MIDCOURSE

TRAINING RUNS

TABLE 2
PARAMETER VALUE

Xp 5.7520362 x 106 ft.
Y 0

P

7 0

P
X 0

P

Yb - 194.87252 ft. / sec.
zp 5580.5417 ft. / sec.
Xpp 6.1045873 x 106 ft.
Zpp 1.0138111 «x 106 ft.
Xpa - 865.77876 ft. / sec.
Zpp 5213.2216 ft. / sec.
m, 114.9 slugs

- - 0.0332 ft. (where RCS plane equals O ft.)
Yoo 0.0166 ft.

Zog - 0.243 ft.

I 2643 slug- ft.°

I, 2083 slug- ft.°

I 1477 slug- £t.°

I, - 11 slug- ft.°

2
Iyz - 84 glug- ft.
2
Ixz 229 slug- ft.

serort  LED-570-8
DATE 9 March 1964

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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ATTITUDE DISPLAY INSTRUMENTATION
PRE-TEST RUN SCHEDULE

(INERTIAL PITCH PROGRAM)

TABLE 3
RUN NO. ATTITUDE DISPLAY ENGINE CONFIGURATION
1 E.B.% D/A°
2 P.AP ad
3 P.A. D/A
L E.B. A

a = Eight-ball only
b = Precision angle readouts in 3 axes and eight-ball
¢ = Descent/Ascent engine combination

d = Ascent engine only

strort  LED-570-8

. DATE 9 March 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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vez-Bug

PaGE G-}

CONTROL DEADBAND
PRE-TEST RUN SCHEDULE

( INERTIAL PITCH PROGRAM)

TABIE L
RUN NO. DEADBAND ENGINE CONFIGURATION
1 0.5° A
2 0.05° A
3 1.0° D/A
L 0.05° D/A
5 1.0° A
6 0.5° D/A

report LED-S5TO-

DATE 9 March 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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RUN NO.

ABORT - TO - BURNOUT

POST-TRAINING RUN SCHEDULE

( LINE-OF-SIGHT PITCH PROGRAM)

ENGINE
CONFIGURATION

Ascent only
Descent/Ascent
Ascent only

Descent/Ascent

ATTITUDE
DISPLAY

Error needles

Error needles

Error needles

Error needles

TABLE 5

ABORT
POINT

rePORT TRN-570-8
CAT® 9 March 196k

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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race G-6

TEST TRIALS
ABORT
RUN NO. POINT
1 1N
2 5N
3 3N
L 1N
5 3N
6 30.N.
T SN
8 5N
9 30.N.
10 3N
11 30.N
12 3N
13 SN
14 30.N.
15 1.N.
16 1N
17 SN
18 1N
19 3N
20 5N
21 30.N.
22 3N
23 1N
2l 30.N.
25 30.N.
26 1N
27 3N
28 30.N.

RUN SCHEDULE FOR ABORT-TO-BURNOUT

ATTITUDE
DISPLAY

P.A.
P.A.
E.B.
E.N.
E.N.
P.A.
E.N.
P.A.
E.N.
E.B.
P.A.
P.A.
E.B.
E.B.
E.N.
E.B.
E.N.
P.A.
E.N.
E.B.
E.B.
P.A.
E.B.
E.N.
E.N.
E.B.
P.A.
E.B.

TABLE 6

ENGINE
CONFIGURATION

D/A
D/A
A
A
A
D/A
D/A
A
A
D/A
A
A
D/A
A
D/A
D/A
A
A
D/A
A
D/A
D/A
A
D/A
D/A
A
D/A
D/A

rerort LED-570-8
bate 9 March 1964

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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TABLE 6 (CONT. )

RUN NO.

29
30

32
33
3k
35
36
37
38
39
4o
L1
4o
43
Ll
45
L6
47
48

ABORT
POINT

2 B8y

1N
IN
30.N.
5N

30.N.

30.N.
5N
SN
30.N.

5N
1N

ATTITUDE ENGINE

DISPLAY CONFIGURATION
E.B. A
E.N. D/A
P.A. A
E.N. A
E.B. D/A
E.N. D/A
E.B. A
E.B. D/A
PeA. A
P.A. A
E.B. D/A
E.N. A
P.A. A
E.N. D/A
P.A. D/A
E.N. A
E.N. A
E.B. A
P.A. D/A
P.A. D/A

rerort  LED_S5T0-8

DaTE 9 March 1964
GRUMMAN AITRCRAFT ENGINEERING CORPORATION
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RUN NO.

O 0 N ovnw Fw e

R BN U SR I
PEIRNRRERBEEREGERELERPEGS

RUN SCHEDULE FOR MIDCOURSE

TABLE T

TEST TRIALS
ATTITUDE INITIAL
DISPLAY CONDITIONS
c 3
c 1
b 1
a 4
8 2
a 3
a 1
b 3
c 2
c L
b L
b 2
b 2
b L
C )4'
c 2
b 3
a 1
a 3
a 2
a l“
b 1
c 1
c 3

REPORT
DATE
GRUMMAN AIRCRAFT ENGINEERING CORPORATION

LED~-5T70-8
9 March 1964
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RUN SCHEDULE

FOR COMPLETE ABORT TRAJECTORY TEST TRIALS

TABLE 8
RUN T0O. VEHICIE - DEGRADATION
CONFIGURATION CONDITION
1 A D
2 D/A R.F.

A N

rerOR? [ ED-5T70-8
DaTE g March 1964

GRUMMAN AIRCRAFT ENGINEERING CORPORATION




